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©Mfefift 8 fr 3 0 ~ 9 0 • itulSX^-^^a«±(cgEiB-r SlStli^ 
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[»#* 1 ] 

<< 1/ >7 ->* x v h$BfflyX^fr58?iR ( ft m ) CDX^-*i&^tt5X^-U-»S[i£ 

Suiax^ — y-ftwtmte. smaa ! 3 o~5 omN/m, o , Hijtaa^ffit^jgtefte 

#30—90° T to K> , 

MIHX^— -9-J&SlR±teEiB-rsi8fc::fcV>T, "FfHs^ (1) <D H % & Wife? mWfflM D 
C» l ] 



C tt * « 2 3 

wessA tx^-^atfisss^LTjfisiS'esisfiBciffiafiAott^tiioDei 20 
[ <d m m ft si m ] 

[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

[«e*©M] 

tt . — IR fc: , 0 1 fc ^ L <fc 5 lc „ 2«©aiSfi 1 Oitawtft 3 , K ft M 9 . RG 

Btfii4, v * v h v v x 5 mtfmrn s *u 2ftosias 1 ©nfflfci««2^ 

[ 0 0 0 3 ] 

^--!ftfEi?nTL$5 c ttfs^fco x ^ - +*- tt , am, -a-fi!c«flg j f>*r^x^^e,ft 40 

. X^-^^ISiOTFT«f±CEl?nSi:, » « fc ffi X7 W fro fc t * ic m =? * 

mm? r l £ •? 5 m±&mmt>& 1 re 

[ 0 0 0 4 ] 

C © cfc -5 ft X^--9- ©5 > y A « * t fe ft -5 F<3 S £ fl? & "T § fc*6(c , X^-+>-;&#S^ 
3B-e&3ag«®«fc©#EB-rsc iff«3gSht^5. dCDJ;5tcX^--9-^!t#^(De 
IfcOSEItSSSHTS, #1 * tt\ 4$ fF SC. M 1 tc tt , Slna5**r-r3vx*)&flSv> 
T\ VX*©|Hm»fcX^-1**EBStffcV^ffi«fc*&;b^fc±TX^-tf fcMnSPJC 50 




(1) 



(3) 
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ffl^-T % &mic<D fr&Wf 3 7? i* # 08 ^ 2 *l T *> t> . W fflF & K 2 tC (i „ !S ft ft K Sf> « ft f c 
[ 0 0 0 5 ] 

C ft fc *t L T . <8 ffF £ $£ 3 f c (i . S«±©H3RMfc:*ff*0JjtaL. flffcS-efcttJBgX'* 

, LfrL, c ©73 £ T? tt KB £ •£ 2 — > fc tag -p It M&* >&m £ "T 3 fc * , rg^Jcft 

jROffiBteiEB-TSC fc*^BTl)BTf*»). «F^©aiS©BS«*SB<OHifitet4iSffl-e# 

[ 0 0 0 6 ] 

-73. 4$ W & itt 4 te tt . I'^j'^i-y haioyX^frBx^-t^ftftoKifiSitaiL 
StiTV^S. C © 7? £ T' « , ±iH©73S©J;9l<:lfiic-?^^l|?:gtt^-&5i:^ta< 
[ 0 0 0 7 ] 

LfrL, S^tO-O^xy h & T? . BSa^«fi<0»«B*iRi±-rs ( X ^ - <D BE 
B Pbj PS £ & *6 3 ) ft 46 tc > *^-tf#»»©«i«©»?PH X^-V-ftWLM 
OlSHitflSi-PdiLTlS^, - 7? > X^-*»»il!i(0»8i±tfai6i:T^f 

a * g b <d m » m z ± if s c t # r* * * ^ a n s # * ^ * 0 

[ 0 0 0 8 ] 

[«r8f *« 1 ] 
#^¥ 4 - 1 9 8 9 1 9 §M 

[»»IFXK 2 ] 
W PR ¥ 6 — 2 5 8 6 4 7^^IB 

immXM 3 ] 

# BH ¥ 1 0 - 3 3 9 8 7 8 §i v i 
C»«PX« 4 ] 

Hi^ 5 7 - 5 8 1 2 4 f^|fi 
[ 0 0 0 9 ] 

#5gfHi. ±3e*c«#, X^--9-(c «fc SftBftRtf ftifett^tflfcjt^ ft, ^^#S^*-r 
S^^*^HMOffi B B B *^SS^SSi^t-«Jii:^T-$^?S B ^S^SB(D^!ig73a^ffi«-r 

[0010] 

[»a^^^-r^/-c46©^s] 

# £ 93 tt * > ^ ->* i -v h$i0/X/l'ill^SfiR ( m m ) OX^-**^St8X^ 

Eit5Ig5:tt«iSII^iI(DSg73STSpT, b5I27 X;VOPgtt, 7 R (/t 
m) ± T* & D , tulHX^--9-^i!{M«, SIS*!!) S 3 0-5 OmN/m, fro, M SB2fi 
Sffii:©SMft0fr3O~9O o T & 0 . Wiax-?--9-^S«±(cffifi-r^X@tcfev^T 
, TIBS (1) 4>Hffi«ittfc-rtt9ligR|D ( /i m ) T? M IB X ^ - V ft Sfc 'M. <D W. » «• itu IBS 

[001 1 ] 
[®f 2 ] 



(4) 
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D ^35X L B 1 

t 2-3cos0 + cos 3 0 J 



1/3 

(1) 



COO 1 2 ] 

IX T fc * % HJ5 P 3zE -T § 0 
[00 1 3 ] 

(DX^-+)-^^#-r^X^-+f^g{ffi^>fS ? lg^qtaJLTS«B(i:^^?-ti:Sii fc fc J; K> ± 
COO 1 4 ] 

>^ ^ft> & / x>i9cViizm ^Trs^^qttij-rso 

COO 1 5 ] 

X^-S^fafc^lSIIH^® — Jg©EH7jSC'T?>r>'*$>x'j> K ^ -y Kfc«»flEt?ti So 
±lHl'yi'v f x>y hgf5)/X;l/(7)nia, X^-*©fifiR (Mm) 1CWLT7R ( 
/xm) ttit*i&?o 7R (^m) X ^ — V CDm^&lC L T S X >l <D n 

m 'h 2 ? if X X - -9- ^ i± ffi -T 5 IS fc qt tB « jg ftHfi T L fc D , f L^iplctt/ X;^ 1 

T? fc 3 C fc ft"> £ , Y/^^x-y l-Si©/X;I/OP|tt'>*< fc & 1 0 (ira«ll:?n5 

o 

C 0 0 1 6 ] 

y t v x -y y~ mwic & & &mm<Dttt mil mt lt a ^ at m <dw m ic s x >i & cd * 

* XtfWMW ±LT ^ & &Wfr zmmm&W L M^W Ltt ti$2b & 0 - Jl§ l$ & Y / ? 
5> x >y hSgT«§|£fT^S;ft^jffiT?fc»7. 31 ^ ^ & & 2 & M # ft T # 3 fc <,> -5 

^mztrntZo ±mx^-y-ftwi.m<DmM<DvtBiicis^Tiz. &mwz»ttii-? § c t 
^sssftsct*^, ?it?n"^ffi« , ^s»T?fcSo ±ie§i^fT^?*T?«. a a it m fc p< ^ 

X*X*§|#iity*^ 0 2 (a) fc ^ L fc J: 5 fc „ / X A> <D P g ft* £ fc fi §1 # 

A,fc^-XAX)fi«ii:x^-ttft? fc * - X # x « I* #ffc fc 51 * 3& * ft * v» fc «> . §1* 

5i*a«>«'bti}L<oisfc«t}attiajt-a--rft«<oTLsw ntais^fiTtsc fc fc & s 

e — 7a. 02 (b) fc ^ L fc J: 5 fc . /X;KDPS*^#l,>^-a-fc(ip{-x*X{±WM^ 

fc§i^ii$n, 5i*ii*«©jfLtHL©i»fc?B[}gtiieji-rs 0 

fc fc L . ± IE -f > * $? x > y h g g o y X 71/ © □ g co # $ L ^ ± fig « % l 5 R ( /it m ) R XS 
1 5 0 *t nit? fc 5 <> 1 5R ( /* m ) & 1 5 0 /im*8x5!:, til f tl 5 S S t < 

COO 1 7 J 

±K^>*S>xvh§&«©/X7bfreqtaSftSifc»j^#$L^TKttl OpL. » S 

u^itt8opLT-s5„ ± ta » a * su ffli -r s * & fc l t a *. mzi£, / x ;ko p @ 

^gjSffc-rSTjfife. -Y > ^ 2^ x -y h-^-y K%M»lt3iMif %Slftt«7jSf tff 
£ ft 3 0 * ft* tf & , d'vi'^x 7 F^SiJ^tSiat f ^lUtt^Sffiatxy* 

/jSO-Y^^x-y h g B V It W fc « m T* fc 5 o 
[00 18] 
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± IE X - -tf « . x^-t»i!)S*i;:ftf«i:»i!!?n5i: fctfjifj ± IE X - 

* L^l^fcii-f 7 5 7 x hlioyX/Kcll^fictii 
[00 1 9 ] 

aa? mttmif sn-So fc^T-t. w^ift^^sco^ais^ « & ns^ge<9»«±{c m 

o 

[ 0 0 2 0 ] .10 

M#Sft<DIE£-*«3 Oll%WTtf»SLV^, 
[ 0 0 2 1 ] 

^e , ^;b;g^gftr^.;i/, 7d e^- yti!r.;i/f oe^;i/xxf ;H ; 7 ? V v =- b V frm 

<o*mia=. b v frm ; 7 * v frm* ( * * ) 7 * v >v m x ^ >\, % c * * > 

7 ^ y & 7 f ;b , ( * * ) y^'j^iz-if/^^-^K ( ^ * ) 7 ^ y ^ x 7 7 

y ;l/ , if l/y^ja-;l/ ( ^ 2 ) 7?'JI/-K h y 7 /I/ * n x ^ ;U ( * 2 ) 20 
- h > ^y^7;P* D^nifyl/ ( 7 * l> U - h , z, >? ws. * i/ )\, ( ;* * ) 7 ^ 'J U 

-h^o 7$ y /mxxf;nifrn* i *(f etx^o ctx5*tig*ift«*» 

T ffl V T fe «fc < » 2«JW±*flffflLT*>«fcl/''o 
[ 0 0 2 2 ] 

±fE£tM»#: i: L X it&ic R£ £ tl-f . 0OA«, 7 If 7, 1, 6-^*-* 

7 7 He - 7* ft) 7 ? V Is - b . MJ^fD-;^D/OFU ( * * ) 7 * 'J U - h 
, f F7^n-;M?>hiJ ( ;* £ ) 7 5 V U — b , 7 h 7 * f n — )^D/^f 

( * * ) 7 ^ y u - h > ->*7U^7^i/-i-ayfostt*, F'j7'j;wy->7?i/- 

hfttf*-«D8i»#, MJ^f n-;Wn^>h'J ( * * ) 7^'JU--hS:D* ; e-©BI»#:, 

^ v * x y x y h — >\> b y ( * * ) 7 * u u — h , ^7#xyxyh— ;b t- b ^ ( ^ ^ ) 30 

7*'JU-F, '^y^lU'n-*^** ( * * ) 7 ^ y U - h . ifUV^Jn- 

^ 7 c * * ) 7{"ju-mo*uif i/y^ya-*'; c * * ) 7i"ju-h> /ne 

Uyyy a-*j? ( ;* * ) 7^ l Jl/-FfOl l J^nei/>^'j3-;l/^ ( £ ) 7 ^ 'J 

u - h , ^yxh^^^u^^yn-;!/^ ( * * ) 7 * y U - f , ^yua- 

>l/ -7 ( * £ ) 7 * y U — h % 1, 3-7f ( ;* * ) 7 7 'J 7 — h . 2, 

2-tfX [4 - ( ^ * ? 'J a ^ 7 X h * 5/ ) 7 x x ;!/ ] 7 p /<: 7 7 ( * £ ) 7 7 U U — h 
|(?)2, 2-tfX [4 - ( ^ £ ^ y n * 7 # y x h 4- ->) 7x^/1/] 7"n;^i; 
7f 2, 2-7kS5trx [4 - (7i"jD + v'^'Jlh*->) 7i-^] 7* n /< 

7-7 ( * £ ) 7^U U- h> 2, 2-tTX [4 - ( 7 ^ 'J n * 7 X h * 7 # 'J 7" n # * 7 
) 7xx;H 7n/^>7 ( * 5 ) 7 » U I/- US tf*Jf 6ti«. c ft 6 # t Sl^ B # « ¥ 40 
X' m ^ T fe «t < , 2iai*flffflLTtJ:^, 
[ 0 0 2 3 ] 

±E*«tf iftfc#§IH#f fti:Oii^»*l^LTifi?*liatS7jStLT{i» 
[ 0 0 2 4 ] 

ftfct5tt?Ii:4«J:5I^t«7ia'P»«. ± 3Bfi » It ^ T* « . ftWcMtLX. iim 
> 7j< K ft WL & M * 8s 1)Q L fc fc © A< ffl ^ 6 tl ^> o 

a S O » $ L T PS « 5 0 °C N jif $ L v~> ± PS (i 8 0 °C . a^»fllllO»iL^TRtt3eH 50 



(6) 
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± t h m m a. t? it , § 6tisaft?ott?i»**ijtR«E< 45ft». x^-*tu 

[ 0 0 2 5 ] 

± IB * - F M t tt , y-77 l J-I-n J f > ?Lftipttp^cL/i:¥^'S!©ffll4?(c, Jg {c 
IffiiSfti^tnstftfitti: LtfiWtRSJtiftv^, *s - F fi m co ffl # £ 

»-e*«ci:*^SL<. CVtkLT5%«T?«8Ci:i!(i»SLv\ 
[ 0 0 2 6 ] 

_hfB^ — KlnfiflcKf^tlififri: L T tt $# fc Pil 3! £ ti & v~> , -> - F * B# fc « 

l^o 0y tt\ a *4 ? # x ^ u > ^ t* $> ti tt 5f # a? ^ t: — >\> m m & . m%l?&t 2 v & 

?k T ti tt 7 * U ;l/ 5S v ;U ^ vf - rt/ m » ft tt m v» S c ttfjfl U\ 

± IB ~> - KM^fcfev»TfflJK?k:!RiRS-&«*fifl:fl!)B'&»©»S L V T Ifi tt . « ft ? 1 
[ 0 0 2 7 ] 

±eai*tt*B#tt*«#£*fc**l,T 5 0fi«%W±tSnSd 5 Of 

< WW?m±<Dffi$zlC £ O^ttfgCSfcJi, S : ?@#*iJ* , il£<:&t>. M f c tt ?g J|| ft i: & 
o T L * 5 C tf$> 3 o Sfc, ft £ -d T fe mm&&&&%: V £ X - ^ £ 

[ 0 0 2 8 ] 

±iB^a«-a-^>^{c ttM^p^^gij. ®ft. »»ffi«*n»*fflv»6ti* 0 

± 13 ■& $6 »J L T tt «r (c fig M 2 n -f , 00 * tt . i® & it * > V <f , d^H/ 
, t;bv^DDjii{t^>y^;k t;vv ^ h + v-atft^vy^/k 3, 5, 5-h'j 
^^^"N^-yy-OWS — * ■< F. t - 7 ^ ;l/ — * ^ v' - 2 -xf yl/'N + t yx — h 
^ ^- t - + KfiDtilUrt ; r^/fX^y/f Dzh'jyk 7>/ 

tT X 5" ^ D *\ * -9" * ;l/ # — h V >l< N 7* V* If X ( 2 , 4 - 5? ^ ^ 71/ U D =. h V ) f©7 

m\ o oiiasi^Lto. i m m m , L^±m& 1 o a » gp $> z 0 

[ 0 0 2 9 ] 

. N , N - ->*^ f 5 ~> ^ =f- )\< x ;P ^ * i/ F . m x ;l/ ; y. ^ y — ;i/ , x 
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9 7 - 71/ , -7a/<lS — timoT^a — ;H ; ^ f ;l/-(r n v;b7, x ^ 71/ -fe □ V 7b 7" W O -tr 
□ y;l/7i; 7th>, * 7- ;l/ x ^ ^ Y y . 2-7^/>?oy 

5 ftfi <D * M i^k 7K^i:©?l-&^^T'fe^TfeJ:v-o 
[ 0 0 3 0 ] 

- 71/ , ^n'-AifDij ^ * )\> -t >V a — x , x =f- 71/ -fe 71/ a - x , *V7i"J*l, 

#'J7*'J*75K, 4? U x P V * * > K * tff £> ft 5 o $ fc , y - * > 14 X « * 
>'tt©J?®SM&iISM2ft3o 

[ 0 0 3 1 ] 10 

Tfet). S 2>M 0%^{uLfc^fC7)JE^^'l4^ («T, 1 OXKiktV^) © fc? 3: L 
TSt^OOOMPa, » S L^±iti 1 5000MPaT*&3 o 2 000MPa5fcr&T* 

<45:fctffe5„ 1 5000MPa£fflx.3£:. ®S*/^^Bfcffi*)iA//c^{cSS± 

£*5. ±IS1 0 % K ffitt, HSf 6 - 5 0 3 1 8 0 §fii(cfffiLT, tit 'ME 18 St * SB ( 
A»SlttBr*l«L PCT- 2 0 0 1) ^/fft>K8Otl5O(im0nfiO¥ 

[ 0 0 3 2 ] 20 

± IE X ^ — +M± , rS B ^«7BSB©3>h-7Xh(&]±<DfcA6«c*feLTfflt/^TfeJ:v^o «fe 
Sftft^^-* LTtt, «J*.(f, -y 7, #ttSfe£k »14?fe». 

[ 0 0 3 3 ] 

± fH X - -9" it , S ffi Jc & « H # K I* fc D . J«S©|BiRl*S9.*av^i&©*ffi««|i*fTo 
fe t> L T fe <fc ^ o 

±iESSMfi?|5£:£4-f7?&i:LTfcM f£ . # ffi ¥ 1 - 2 4 7 1 5 4^f^fBfc:F f fi^£ftT 
^3«j:dfcx^-tf£ffifc«J^*Tffi;*-eTflE»-r5#ffi. #i¥9 - 1 1 3 9 1 30 

7j f£ , Hia¥ 1 1 -2 2 3 8 2 1 t ^ J ft t <t 5 lc ffif ^ 7 7 h 

*n r m.m®ffi&n $ ft mmttmif ztiZo x ^ - * m.m tc it * w *c u & * ® 

SCtiil^jflffeS. * T* , HI ¥ 9 - 1 1 3 9 1 5 1* ? ft T ^ 5 <t 3 

ctT«fflKy57 H^SfriSifi* 1 , *ffi»©«a[**<. 3fc#*«*-e»J«"i**3 
C 6 # fc S L^. 
[ 0 0 3 4 ] 

±EX^--9-«-{R»tcl3^SX^--9-©»iiEO»*LV>-flfitiO. 0511%, 40 
i: &g « 5 fi » % £ 3 o 0. 0 5 li%*ST'365J:, ttttiSftfcX'* — •tf-a-ttiKOifcHi 
4WcX^-^#^£ft&^fit^tf 5MB%£iffi;L5£:v y^->'i7 FSiO 

0»$LV^T1«0. 1 11%, J: !)» i L^±it± 2li%fS5o 
[ 0 0 3 5 ] 

±§zx^-v ■frmmcomtt. t i,r iz<&icm7£.z ti-? . -f y 5 t? x v v^y f * 6 n ai s n 

5figT'I*T-<6 5Sift^^^ffifflt't5„ ^^T-fe. 7k ® 14 X « Si 7k 14 © ffi f* tfi 0 * 
Li/>. & is x — SB <7) > ^ s; x . y h ^ B © > ^ ->* x -y h *\ -y F ti ?k 3£ /B j£ r £ T ^ Z> 50 



(8) 
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It H> , fft50-f>*s;iy h'sy K*ttfflt«BIC, Bt 7k tt © 3& V> * ft fct . f x 

46 . KiaBt4«fc:SaLfc»K iai^JK*«»Lft»3-rs«F<DiaiRlJHtf!ftttOftV''t><!0^H ! * 
[ 0 0 3 6 ] 

± ib 7j< & x it m * tt co m ft l r it n t ps je ? n -r , m *. if . m 7* ; x * y - a, , n - 

yn^y-;K l-yyy-7b. 2-7^y-;l/, l - *\ * -fr y - 71/ 

x l - y h * - 2 - y a y - )V , 7;l/7'J;l'7;P3-;i/, f h 7 t K d 7 ;!/ 7 y 7 
^n-zl/fot/y^n-zHixfuyyua-^, y x ^ U > y U n - ;P _ hyif 
u > y i> n — ;i/ , f- h 7if i/^^u ©x^uy^u a — jKDg-mfo ; x ^ u > 

yja-^fl^iftoty^Ai-fA, t/if^i-f t/-fy7ntf;H- 
•r ;i/ , t/7nif;i/x-f ;K ;Vx-f cofiity 7;^;i/x-r;H ; x 

f l/yyj3-;KD^l#;o-y^f ;l/i-f )k y*if ;H-f ;K S> y V y a tf ;l/ x — 
■r 71/ > y y d ¥ )l ^ ~ 9- ;l> m <D i&fflt r )l * ;i x. - >l< m ; x ^ u > y y 3 - ;b CD ^ ■ ft 
Ot/7-trf - •>"7tf-H(?)7^ + ;l/iXf^S; 7nlfbyyijn-;K -y y 
DlfU/'y'J 3-;K b'jyntfu^ygn-;!^ f h 7/0 t: u>y y 3- ©7a 
fc! U > ^ D 3 — 71/ CD # » ft ; 7"Dlf L/y^'J 3-;KO^iftO€/^f ;l/x-f/V, ^y 
x ^ )]/ x — x 71/ s *7^y7Dtf*i-f ;K t/7aH;H-f;K tyy^/l/X — x 
7b cd ffi ^ ^ y y ;u ^ 71/ x - r- 7U M ; 7oi;i/yy'ij3-;i/©^|fti!)-y^f ;n-f ;i- 
„ -y*xf ^i/x-t ;K -yy y /Dif;bx-f ;k -yyD e^x-r^f oii^r;!/^;!/ 
x — x 71/ ^ ; y d e U > yj a — )\y(D^m.W(D^/7^y- — V , y7tf - F- ^§ cq y ;i/ ^ 
*ixf;H ; 1, 3-7nAy-yt-;K 1. 2 rt/, 1, 3-yy>y 
* — /I/ . 1, 4-y^>-y^- — 3 - ^ ^ ;i/ - 1 , 5-^y^y-y*t-;K 3-^\^-fe 
> - 2 , 5 - -y * — )V . 1, 5-^>^>-y^- — 2, 4--^>^>y^- — /K 2-y 

=f- 71/ - 2 , 4-^>^>y^--;l/. 2, 5--\^-9->y^--;b N 1, 6--N + -*t>y^-- 
;l/ , ^*^yf ;KiJ a-;bf (D-y^--;H ; y't-^SOx-f^iift, *J * — ;l/ m 

; ^U-feUy, 1, 2, 4. -7^yhU-;h 1, 2, 6 - *\ * 
•9->h'J4--;b, 1, 2, 5, -^y^yhiJ^--;K h'J^f D-;l/7"o;<y, h 'J y 

^y^i'jxij h mr >v=i — a, m ; ^iffiy^n-^nB^x — 

x 71/ & ft % #i7;^-;i/S®7tf-MI«:; •yy^;Vx;i/$^-yF > ft^^'J 
3 — ;W N-^f - 2-ifny h'y, N-tr^;l/-2-tfnU F > . y -7fn 7 n 
> . 1 , 3 - y /. ^ ;i/ - 2 - y 5 ^ y v y > , x & y * y > N **/»75F, n , n - y 

^;l/*;l/A7U\ N , N-yi5 L /l/*;H»7S F, N-^;Hwl/A7U\ 7 -fe F 
7 5 F, N-^;l/7'bF7;F > a-f;Hf*t- 71/ , x^U># — # * — F . y d tf 
> # — itf ^ — tTX-)S-t:Fn4 i 5/xf : -7l/X7l/7*>, tTX - /?-tl FD + yif 
71/ *7 U T . N, N-yx^;l/x^y-;L/y5^ N 7 }£ x =f- / — ;l/ , ^ 7-(r F > 7;l/3-;l/ 

[ 0 0 3 7 ] 

»SL<tt. »jfitf7 0tW±l 00t*»<D*«»ffiT?ai55 o C O J; 3 L 

Ttt. x^y— 7b. n-yn^^y — ;k 2-7d/V - /i/^cofg^^eyy^i/n — 

71/^; 7-frF>«tff(f^n§„ C ti 60Jt«»fiM^Ofi«»!i%fl!^5 c ifc j: D , 

^©T% S!M<D«ift«<Elftflt»c:»ttLTiaift|lt*?SSftL, %@a^£e<os^aff«ii 

[ 0 0 3 8 ] 

± ia m & 1 0 0 x*m<Dmw\t, 2 0 v iz 35 v ?> mmmji ■& 2 5 mN / mixr t & % z t 

» * L V o -»W4^y^^i7 FSlT'li, >ittii-r-SfKft(Daa?S7jtf3 0~5 0m 
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i*(i^^7j*'X^-^5:K^IgT'S;lJ^§©(cI Lt^5o ± 8E » j*£ l 0 Ot*i 
<Di&fc<D 2 0 "C tc & £ » ffi SI ;7j # 2 5mN/mWTT'fe?.i:. RtW^{±X^-^^g(j« 
0«iiii7]*tl:8««<t5ci:«(i?t5076!ff4i!tlli«fiS#Sci:tfTt > S « ± 

o 

[ 0 0 3 9 ] 

±fH$i,6 1 0 0t*«OS*©!ift + T'<0tt$©SfS L^TPIii 1 011%, »JU*1 
S(i8 0ii%T-65o 1 01i%*at'S5i:, it«Wfi^?£j»SfiJcfettSX^ — -9- 
#f&&<D>&i®iigtf iia$tff6Tt5i:ttffe§o 80H%^@^5t, 10 

X^-t^StiSAWy^^xy hiI<!)/X;V#jirT-lfJlcaj|LTilttl»gtffiTLfc 

& & . * qg m m ic *5 ^ t , m & t it , igffTfioi»,s^i^o 

[ 0 0 4 0 ] 

±IEX^--9"»ftffli<Dj«i*:t4. » Mi 1 5 0 t«±OiS*^^tt S C ttf »S <k t> 

# $ L < f± . ft M> *< 1 50X;a± 2 0 0 tKT©glT^?„ C<D<fed*j§{gi:LT«. 

-7l/S?*f7l/x-x7l>«©ffi«7 7l/3-7l/:n-x7l/Sft<¥tf5*i.So 

^Si:> H S « © / X )\> i& T *J tc M L T Rt tB ffi S 

ffiT-T 5 C £ ttm^tc K> , «JSl^^«g«fti:^^--9-»MStJR3y|giiLT»«e : ?^58*t- 20 

[ 0 0 4 1 ] 

± IE ft £ 1 50t«JiOiSft(i, 2 0 t^fclj-SSffii^itf 3 OmN/mttit'feSci: 
tfjfSL^. 3 0mN/mW±t»feSi:, X^-tf#»fflt«>i«W*«S«±fc:*9|lLx <fc t> 

[ 0 0 4 2 ] 

± IH ft £ 1 5 0rJW±©fc#®8# + ?©Jt*©#£LV'»T : [Hfci:l 011%, # * L V> ± 

PI « 8 o M » % fc 3 0 i oii%*«Ti&| 1 i:, x-^--9-^iStffi<D^;j^{cj:sqtfcHi(WS 
©ffiT, «*fifOJ6§* , ifict) J Pt<ftSci:i) 5 fe«, 80il%^aiSt, ^^Bf 30 
HO # m L < ^^t)»$A , fiTt3tf^!3-!?S< x EfoJKfl!)?§Jfefc:«t:3i«li&*£K<Z>*^ 

[ 0 0 4 3 ] 

±fHX^--9-^S!j?g(±. « »te * # # "T 3 fc 46 © IS * # ; X"S--9-©#ttte*3fe 

Sift!), ^M?g* J f)teS^<D!feS#14^S'JSilLT(±ttl«S«:3JcSLfct), X - © l£ 

[ 0 0 4 4 ] 

±EX^-^»ii©gffiI*<?)Ti{i3 OmN/m, llii 5 0 mN/mt'fe5o 3 0 

Hi*tt#&< £iBfSa©ffivKGll8iS¥*tefli LftlSTft^Tt, ISlt RttB 2 *i 7t X 40 
^-f »jR«0«itfSfi±fc*na*«fc»X^-tOIBll!l!ll**< t5C ttf?t 

£ -T > * 5> x -y hiiC-fy^^x'; h -n *y FiSfi t TillSJ tl«. 
[ 0 0 4 5 ] 

±fBX^-^7*M©±f2»«B£©&/&£l0©T&gti3O° s ± PS « 9 0 ° 3 
0° * }g T* fc 3 , S«B{CRtto^tlfcX^--y-^i(^©®ra^»«±(c}ltlfi£^5/c46 
tcX^-^©KHFEflPfl£&<ir&Ci:#T*£&^o 9 0° *Ii5i:, SSffifctttti^ti 50 



(10) 
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ft D . X^-*tIfii:0i8»tttfg<4,ft!)t5 o ±iEX^-+)-#M<9±lESM 
[ 0 0 4 6 ] 

±ffiX^— 1*#»iII<Dttfi©#$LV'>TIBiiO. 5mPa • sffeD, # $ L V ± K i± 1 
5mPa • s <> 0. 5mPa • s 5fc ri!§ T' 2& 3 i: , RtttSS^rHi/hD — iff 

BlifCft3^££WfctttfJT£ft<ft5c:£;F;l&3 0 1 5mPa • s5Ix§J:, > ^ 10 
->*x7 hglt'ttUiT'f i:^fe§„ «fct)#*L^TIEtt5mPa • s. iOIH 

V> ± PS ti 1 OmPa • sffeSo ft 43 . SfSLl^lfc'iSFIBHfc&S.fcSfc:. - 5 ~ 5 0 °C <D 

[ 0 0 4 7 ] 

Tta^ (1) <E>H«**;fc-r*5|IRaBiD (^m) T-±lEX^-^#^r«<DM%±IE«« 
[ 0 0 4 8 ] 

C* 3 1 20 

1/3 

(1) 



D ^35X f ^ 3—1 

t 2-3cos8 +cos 3 0 J 



[ 0 0 4 9 ] 

±§ex£ (i) om«*r«?5:sftv/jNSftji»gpiaiHT?B:ai-rsfcx -r^^^iyh^yH© 
?PSfe±#< ft5©T'*«t±T-^^iwi±(o^a^®^. ^«#je# s tsiistx^- 

■tJ-COSfttf-ABTttaj^oTgCSC t ft < ft 5 i6 , g«fc LTSSi^X^-^© 
E«fflfi#S<ft« 0 £ ft > tt(±J£ti3X^-^#McDM@#/h£<L£?£LT--i' 30 

fflf SCfctf-!??ft<4!), ffllfrft^ 0 fc <fc D *ft ffl««g#flST L , 8 M fc & ft 
5i:X^-*tJ:oT/X;l/*'HStS. 

[ 0 0 5 0 ] 

±mmm t lt itmicmiz-z n-? , mz.t£. # 9 x % iis? *^&!), — ig n s ^ 
o/u;n«t Lt«ij^i5feo*^f tf enso ± is * « © s b fc « . ii m , $ 

ttt^tigstis^ff^ iinr . *'J75 K«tis«ffl^5n> 5 e > nam? s c 

i:{c<fc*?^^«-^©IE[pJ^fi!iJfflJ-r5o ft 45 , llLfti ±fEX^-+f#iSc$©7&rig 
£#^S#3KM£±IEX^-^#i5t^£©&fti!^ecDTPIJ±3 0 o % ± Pg « 9 0 ° 7? 

2& <?> o 

[ 0 0 5 1 ] 

±ffiX^ — tf©3S«±T*<DIBBfiSBfi:LTfcJ:«ffc:|BJ£Sftf\ ^^^^{cBEBLTfe, ft 
S©fiiI(c;^-y{tLTEiLTfe iV^^ 7tffitt^cOX^--9-{c^aH-r^fR^^^a 50 
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mmt. licTFTiSSS/TSSTST F TI?*'fiIt5g|i^^f (f5tl5*\ TFT 

m?Zffim? 2> c fc # & <^ <fc h >J i'XTfcEltSC fc # £? £ LV\ 

± f B X - +>- ti . I»i«T©if(?)J: 9^3P^(cfc"©J; ?ft/^->T'SHlLTfe«fc;S: 

?H±^a«B©±fiBa«A<D^?ttcD^^®^©^^^{c^js-rs©st-sHM-r?.c:i:^ 

»SLl/\ 10 
& 43 . ±I2^*^-y^vh<J^X{is iim. Stf 1 0~30jim?3&5. 
[ 0 0 5 2 ] 

± m & 3 5 OiTgSo 
[ 0 0 5 3 ] 

Hfc<9K8tT?;fc3«?ii|iaK8tl«:. 4 0(imJ:()*t<tSCtiii»SLl,>. & *5 . tt til 

± f a » 9P H ffi K 1 ^4 0 |iraj:^t<t5i:J:ia0, jit*©*"* — -»i-#i!iifc<Oi»fctfJ2r 20 
STtiX^-^^^^^*^^{c-ocoP3^JK^©fSrigtc=&S©{c^L. « P3 © » flS 

^*^nfc}K»o*T©«*o«gps*/hs < t5c t ft t* # , * ;i> © ^ a ^ SB # fc JR $ 

[ 0 0 5 4 ] 

± IB * fP #c W It , <f > * S> x <y h *\ v K K <E> ft fc S X )\> if £ ffi. r8 Htm Tf tti L X 5 © 
fRfr ttHRCfSSt fc 3> x -y h *\ >y K fc <Offl fc «fc t> * 5 0 t 4 ^ , > * 

N 2 ffi&>±<Dmmic ftWLTmfo±icmw? % ( — us w *c « c % <d m v > 

nOfRfrttfB-efcoTfc. i5l-@mifif5l(c«?i-r5£DT'. HlJRittTfft^o ± IB ^ 
hA 7 KhlfitOlSiSSV , tf/h s v> fc # t± , v-rti<DfRffttl6tffe^ 
Tfe«Rtt(oS:§ 0 J:fMy^->*x7 FtlStOfflSMfiV, S v» fc t? fc tt 

[ 0 0 5 5 ] 

±fH»StPJffi*ltt. T f B 5£ (2) {ciOSaJtSCitfff 5o 
[ 0 0 5 6 ] 40 
[» 4 ] 

1 =V 1 t + -^_.^ L (2) 
sin <i> V 2 V 3 



[ 0 0 5 7 ] 

5£ (2) 4> > V, (m/s) « , ^>^i^x7 hA 7 KtiSfcOffiSIS^gL, t ( 

s) a % x^-y ft wtfc<Dmm9c ¥ x. v h ^ v f <nm ffi^mn £ v & ft t£ 

LTfr6^Sf8^ia:ajJn^fc§i-pfcSt3«fffl«:« L, L (m) fct N ^ v> x *y h 'n 

•y F©«»Rtttip tm&t<Dmn*m. 0 c ) it. mmm tx^-^ftw^mcommo 50 
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tttH73fti:©&-rftje#jiL, v 2 (m/s) it, * ^ - v ft mm (D mffi9h<Q<o m m z m 
l , v 3 (m/s) it. x^-vftmm<Dmmm^<Dmm^mt 0 

[ 0 0 5 8 ] 

±IE 5£ ( 2 ) J; ^ . JJ9liElll**#<tSk:tt, Yy^^i^'N^FtiStOffi 
JtlfiV, , tt Hi B? Iffl t , ^V*^x«yh^vF©»«i±tfJPJ:S«i:<DE«L#*:£< 

# a< . fro. x^-vftmmtDmm&mom&v 3 **'*-y#wim<Dmm9cm<om&. 

7ii ¥ tc jfi "3 If T s i n </> £ /Jn £ < L fc 0 "T tl l£ <fc „ 

hAy K (ex^/Iff) co|g»j^#^^MSL. ±fBS (2) 10 
7*-**SJPLTX^-tf#«ra©}«»*i>fctfl-rSC f c «fc t» „ * W W Hi St 1 * 4 0 ji 
raj;!)*? <t5a* s t*t§o 
[ 0 0 5 9 ] 

# {c _t IB it ( 2 ) 0SA7^-^ico^tia^t§ 0 

K ^M^5^LTY>^v ? x>yh'N>yK^S«-r§o fC/X^iD, X "° - 

•9- » ISt * « x •Oi'->"i7h'N7FJ:iItiO|l5tiIi!) s V, fcfcSiSl&^T^SSK 
2* L T . *£?8$fcfiSi©jigtfV 2 bft&^.olc attHL, IB t IS 5® L fc lc m ffi S&! tP 

t'T^/l'fcLT, CtX^^D jg LT*«±(CX^-+)-^i!(fg(D^?a^iH«LTV^< 

o 

[ 0 0 6 0 ] 

»SSS©B8»SBOffi*"P»S»). S! B# £ T & . lOOm/sSSTfeSo ± 1 2 >T > 2 5? 
i-y^-yFtlStOffiJtSfiV, < t ifcj; i), X -° - -9" # f& $ <£> tt tfj FeS 

PS ( 1 -9" ■< ? )V <D m m ) fr 3§ < . ma©lfflWti:X^- i 9-%IB«^?*a:<«:S»^fc:a, 

»f»iHifc:»ttrx^--9-»a?K*3»3P^-e-fe»)x s xfrWL&m* Lit $ ? z c tic z 9 m 
®>mxfa* 1 m ^ {c s s tc ^ rtttb csattHi) ittj;^L, ^ufaic^mm<D 30 

[ 0 0 6 1 ] 

±Ettffl«flffl t it, If ^*/m?lcm)}Q? Z>ni£<DMffl0kVFlCffcLT , ill*, 3 /i s ~ 1 m 

stfi^?ti^„ ± t a tf x y n ep ira -r 3 « je ( m ) © su w * fM± , s^wtcx^- 

[ 0 0 6 2 ] 

± IB > ^ 5? x >y h-N-y F<Dfci8RtffiQfcaS«fc©eiiLcD#*LV''TIE«2 0 0 \i m . 
» S L^±i« 3 mmTSSo 2 0 0 /i m*«T* 36 5 i: , -T > ^ x >y h ^ «y F^f It 

fr S 0 3mm^e^.Sk. X^--9-^fj?$©fK?g^^^V^fc46tc:|?H^4'<DMaEO^» 40 

f n^t < ^l.fOP^ii^it? C t^felio J:Dff$L^Titt3 0 0 /im, «fe »3 » 
^L^±ffi(i 1 . 5 m m X' & % o 
[ 0 0 6 3 ] 

±mmmm t x^-v ft mmvmwso^tox fa £<dk? ft m * L^ymit s ° , & 

SL^iia 1 7 5° 5° * & D . 1 7 5° fStSJT 

l & ± z < %: -i rc t % t mm ic , x^-v-ftwimcommt>^h-s^rctbicmmn^<Dnm.<D 
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[ 0 0 6 4 ] 

±.mx^-vft&m<Dmm9ci&<Dmm.v z a , e x y 5*; © > ^ x i- g b t* « e x 
m?icmim-fzmEE*mmz-&z>c ttc* »> , - us tc 3 ~ 2 om/s©iit'Siit-f 5 

1 2m/sT-£3o 

. *'*--9-#»is<o?8»a:*8©isigv 2 i: , x^-v- ft&&<Dffi.ffi<Dftmvim. -r ft ^ ^ 

[ 0 0 6 5 ] 10 

©?KSfc:ft5«-&fc:«x «5|«roai}ai5feJS2tgi:»iBafi(4«jrigi;fc«:So # # © St Si 

-7? . »ffl©»JBtc^at-S «■&»«: t±, ttai$©fc»ftMj££#*W«r©$fcSiSiBS (-IS 
«ii:^i'>K»i:t^9) <DM i: ft «3 . ttffi B»<0tt M *9tt<0 ft «K Ott M 
(-»fit^'f>i(i*Oftlll<!)»I**f5'f hiSidkfei/^) <75j$jgi:ft3i;#;ie>;h 20 
3 0 

ft fflHt«. fSrg5fe^3SJS # 3 m/ s KTOH^K tt » M « # S L ft V C fc tf£ < , m 
[ 0 0 6 6 ] 

±kE©7JS{c <fc &»«ffifc«»LftX'*--*#IS?**«i»'r«c fcfci^. x^-tftfg 

lent z&mn , ^^--y-^afiasi&jiaft^frteia^^-scfc^^^LVo 30 

[ 0 0 6 7 ] 

»t8HI<:iS*)!C4 < ft o T L S ft v J: 5 3 g jg <£> B$ PeS *§ & T «> "T 3 C t 

y hSIO/X;I/#jfiT^jgLT^yi'^xy htttbtt^ift? C t^feSo ft ft* L . M 

& H « ^ S B © £ £ a $ # ffi t -r § o 
[ 0 0 6 8 ] 40 

?iS^S«ffi(c»^Lfti:^cDSS*SraS^ s X^-V ftWimic-g & ti Z &t> {&ffi &<Dm 
& ft t* fr ft < ft 3 «f (? t* ft < . *L^»-&fcii«fl:©a»&»»"ettiScri:£«±* 

[ 0 0 6 9 ] 

S ft , X^-^»*tt©»»^IS«ffifc»»Uft«a«Sfi*»'<rte±»*-&ft*«6ji«: 
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gtfe^t, fro. gi^jt % % -e com <o mmmffiumv 9 0 *c * a * & ^ c 

^si^a^st, c©««c3b<m*t»»LTx^--9-**»«i-e*4< * s « fr t> x* ft < 
s * l a: * © ii » ft j» in -e « w c: 4: mm±*m # 0 t> . x^-toEBiufitf 

iUITtSttA^§„ f£j§!5S7ir 3 g X<DI!8©S«*ffiMfr 9 0 °C # iS A 

3 4: . S3 A IK £ *5 St b T m H *tt<S « <D & tk H S £ »ft 5 c i: fr & 3 0 

[ 0 0 7 0 ] 
[ 0 0 7 1 ] 

/X;P®P|H, 7R ( ft m ) JW ± T & D , ±fax^— *®3l70fr3 0~5 20 

OmN/m, fro. ±EISBi:<D8Mft 6tf 3 0-9 0° & D , X§BX^-+f-£:S« 

xtcBBB-rsxgfcfev^T, ± ib s (i) (D m & * m rc-t m mrsm d ( ^ m ) t» ± ib x ^ 

coa«±T-©^*^yX;l/fr^id:tilt-§l^<DfRffttfr , 3*^K±LTX-?-+)-»t!{?Scoa 
?S B B J **^Ba«<D»VM|>sco^«^g|5^{cWjgJ;<iHB-r«ci:frT-^. X^-tfciS 

^iitis^-^ffi^^frtei^ti. &Mmm*&-? zm^m^ms.<Dm&m*mw*wim-r 

3d £ fr T* # 3 o 
[ 0 0 7 2 ] 

[ H SS 00 ] 30 

w t tc n m m * » if x # m m * m tc m l < % bj3 -r § fr , *mmitznz<Dmffim(Dfricm 

S £ ti 2> t> © X (i ft ^ o 
[ 0 0 7 3 ] 

( * 86 00 1 ) 

(x^-u-flm*a?©f^8!i) 

■bM77;i'77X3icT, s^e^^^^-if^isaagp. Yvt^f^r^uu-hsi 
■ a?. &o\ a hj *& ai t bTi»ft^ w-f;i/ 1 . 3 mm^^m-^m^ ^tc^u 

If — jl/Trt/n — ;l/(*7U*t(BL G L - 0 3 ) <£> 3 % 7j< m ffi. 2 0 £ fi B „ Ff-»I/Klt 

C0!)JS«*aj$L4^5>SjRSC«£T8 OX? 1 5 f$PIS(S^fT ^ fe 0 1#5nfe«tt?**l 40 
*Rtf7'-feh>'K:TiSfe}t»&. «■ « » fl* * fx </ ^ 7*h>*»»S-&TX'*-'9-ffl«tt : ?* 
f# fc o » 6 ft X ^ - -9" ffl 4& 14 ? © ¥ *9 ft 7 @ « 2 . 5 /i m , C V {fi 3 . 0 %~V -o fc 

o 

[ 0 0 7 4 ] 

( X — f-cDaSMii) 

» £ ft ft: X ^ — ^ ffl «K K ? 5 M » gP £ ~^ * 7^ >1/ X >l< * 3r ~> F (DMSO) 2 0S«g|5. £ 
Fn + i/^;M^'JU-h2liai. N-xf ;V7^ U^7$ F 1 8M»35<D 

«AL3 0ttT2NfPII#^itt/'Co C4aic 1 N Offii^Jc^lT'lS Lft 0 . lmol 
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KJS*I7*£K/S$%3 ii m <D * > 7 ^ > y j ;ls 2 - IC T ft? t K £ * m%\ L Tc 0 C © 

£ & fc o 

[ 0 0 7 5 ] 
[ 0 0 7 6 ] 

[* 1 ] 10 





A 


B 


C 


D 


E 


RA 


RB 




* 




20 


20 


10 


25 


20 


100 






40 


40 


40 


75 


40 








40 


40 


50 




40 




100 




0. 50 


0. 50 


0. 50 


0. 50 


0. 50 


0. 50 


0. 50 




2. 5 


4. 5 


4. 5 


4. 5 


6. 0 


4. 5 


4. 5 




31. 7 


31. 7 


37. 8 


34. 2 


31. 7 


21. 7 


72. 6 




44 


44 


58 


50 


44 


<5 


77 



20 



[ 0 0 7 7 J 

ilffif;:IT0j!tBg*®£:ffi|7C. #7 — :7w/l/*©BiR ( Jff 1 50 F mxi75/imtf7f- 

tfya-FSfciO^'JYS F4t^t5S$ ( B M it ¥ *± M , > x — 1 5 0) 5ri^ 
-iclf L, 15 O'CTKJSRLfcSfcfc 2 3 Ott 1 B$H^j£LTS{fc£-£TBB[n]ffittf?&/ic 
?ftftS8*»ft, » 6 ft fc » S £ X x - 3? fc & 0 . Xf-v'ictDW^fti:-^- 
icioTXf-v'^ilPfitSCiicJ;!) 6 0 t (c!I%i)Pi Lf:„ 30 
3fc V> . X^-Vftffi.m A ± IB 6 OtfcftURJtlfeSSffltOSIttft ASiSLfc? A 

-c* s (i) ©Bi«*«fc-r.t'5te. 6 oticiBiJtiti/^astSL, /x;i'Pi4o 

$ A # f± ffl L . ^^-y^x'hy^Xco^©5-i'>l?iJ^o^{Cl 1 0 /imSPStX^-iJ" 
% IB S L ( *6f 1 1 0 /imxl 1 5 0 /imlf 7f TiagLft) „ & *5 . l!t Hi B# IC $5 -S X 
^-f^llSAOSII*!!, 3 1. 7mN/mTfe^.fco $ fc . COi^icLTEIL 
fcX^--9-c7)gBH^S« 2 0 0fE/mm 2 fc & o fc „ 
[ 0 0 7 8 ] 

Ifi±fci!tffijnft^^-'7»ftlAffB«?W:^itejaLT^«Ci*ii(gbfc«, 
M ic jft S -5 fc 46 R O* X ^ - V * £ « fc &S * * ■& 3 fc , 1 5 0 °C fc ta m L fc * >y h f 40 
b-t-ll^LTiniiL 3 0 # Fe8 Sc B L fc <, 
[ 0 0 7 9 ] 

S6ftfcX^-^WIBB?ftfc*^-7^7l/^*7XS«fc»|qiS«fc*fl|ia'> — ;b*f* 
ffl^TBS»)-&to-&s i/-;^* 1 5 Ot 1 ^HilPiLTSftJ^, -fe :/ X ^ - 

l t «e g « m a * # m l, fc o 

[ 0 0 8 0 ] 

(WAS) 



(16) 



JP 2004-170537 A 2004. 6. 17 



< x - +>- 1& mm tm&fflftkD 01 ^ > 

O : i£ (1) ©BH$*»fcLTVfc 0 

x :s£ (1) OB«*ijSftLT^4fr?ft, 

<«W«5|ittt8> 

O : iff co * 3$ * & g ft « ± <D (4 B «c fe o fc o 
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(57) ABSTRACT 

It is an object of the present invention to provide a method 
of fabricating a liquid crystal display by which a liquid 
crystal display capable of displaying a high quality display 
image with high resolution and preventing light leakage, 
light omission and the like due to spacers may be produced. 

The present invention relates to a method of fabricating a 
liquid crystal display, which has a step of locating a spacer 
on a substrate by ejecting a droplet of spacer dispersion 
liquid containing a spacer with a particle diameter R (urn) 
from a nozzle of an ink-jet apparatus and depositing the 
droplet on the substrate surface, a hole diameter of the 
nozzle being 7R (um) or larger, the spacer dispersion liquid 
having surface tension of 30 to 50 mN/m and a contact angle 
6 on the substrate surface of 30 to 90° and, in the step of 
locating the spacer on the substrate, depositing the droplet of 
the spacer dispersion liquid on the substrate surface at the 
interval of deposition D (jim) satisfying a relationship of the 
following formula (1): 



x [ g 1 
L2-3cos0+cos 3 flJ 



2 Claims, 1 Drawing Sheet 
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Fig.l 




Fig. 2 



(a) In the case the meniscus is not axially symmetric. 




8 



(b) In the case the meniscus is axially .symmetric (the case 
that the nozzle diameter is large relatively to the particle 
diameter) . 
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METHOD FOR PRODUCING LIQUID 
CRYSTAL DISPLAY 

TECHNICAL FIELD 

5 

The present invention relates to a method of fabricating a 
liquid crystal display by which a liquid crystal display 
capable of displaying a high quality display image with high 
resolution and preventing light leakage, light omission and 
the like due to spacers may be produced. 10 

BACKGROUND ART 

Presently, the liquid crystal display has been used widely 
for personal computers, portable electronic appliances, and 15 
the like. The liquid crystal display generally comprises, as 
shown in FIG. 1, a transparent electrode 3, an alignment 
layer 9, a RGB coloration film 4, and a black matrix 5 
between two transparent substrates 1; polarizers 2 installed 
in the outer sides of the two transparent substrates 1; a 20 
sealing material 10 disposed in the circumference of the two 
transparent substrates 1; and a liquid crystal 7 encapsulated 
in a gap between the two transparent substrates 1 located on 
opposite sides of the sealing material 10. In this liquid 
crystal display, spacers 8 are used for the purpose of 25 
regulating the gap between the two transparent substrates 1 
and retaining a proper thickness (cell gap) of a liquid crystal 
layer. 

In a conventional method of fabricating the liquid crystal 
display, since the spacers are randomly and evenly ejected to 30 
a substrate bearing pixel electrodes thereon, the spacers are 
sometimes disposed even on the pixel electrodes, which are 
display parts. The spacers are generally made of a synthetic 
resin, glass or the like and if the spaces are located on the 
pixel electrodes, due to the depolarization function, light 35 
leakage takes place in the parts where the spacers are 
located. Further, light omission occurs owing to disorder of 
the alignment of the liquid crystal on the spacer surface to 
deteriorate the contrast and the color tone and worsen the 
display image quality. Further, with respect to a TFT liquid 40 
crystal display, when the spacers are disposed on TFT 
elements, there occurs a serious problem that the elements 
are broken when pressure is applied to the substrate. 

To solve such a problem caused in the case of random 
spray of the spacers, it is proposed that the spacers are 45 
located only in light shielding regions, non-display parts. As 
a method of locating the spacers only on specified positions, 
for example, Japanese Kokai Publication Hei-4-1 98919 dis- 
closes a method of locating the spacers only on the positions 
corresponding to the aperture parts after aperture parts of a 50 
mask and the positions to locate the spaces thereon are 
conformed to each other, using a mask having aperture parts, 
and Japanese Kokai Publication Hei-6-258647 discloses a 
method of electrostatically attracting the spacers to a pho- 
toconductor and then transferring the spacers to a transpar- 55 
ent substrate. However, in these methods, since the mask or 
a photoconductor was directly brought into contact with the 
substrate, there occurred a problem that the alignment layer 
on a substrate were damaged and deterioration of the image 
quality of the liquid crystal display was caused. 60 

On the other hand, Japanese Kokai Publication Hei-10- 
339878 discloses a method of locating resin spacers on 
specified positions due to electrostatic repulsion by applying 
electric potential to pixel electrodes on a substrate and 
ejecting the charged resin spacers. However, in this method, 65 
since electrodes in the pattern of desired location were 
required, it was impossible to locate the spacers on com- 
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pletely optional positions and it was sometimes impossible 
to employ the method for fabrication of specified liquid 
crystal displays. 

Japanese Kokai Publication Sho-57-58124 discloses a 
method of locating spacers on a substrate by an ink-jet 
method of ejecting droplets of spacer dispersion liquid from 
nozzles of an ink-jet apparatus to the substrate and depos- 
iting them on the substrate. It may be said that this method 
is advantageous in a point that the spacers in an optional 
pattern can be located on optional positions, without bring- 
ing the mask or the like into contact with the substrate like 
the methods. 

However, in a conventional ink-jet method, if the interval 
of deposition of the droplets of the spacer dispersion liquid 
was narrowed so as to improve the resolution (narrow the 
arrangement intervals of the spacers) of the liquid crystal 
display, the droplets of the spacer dispersion liquid were 
touched together on the substrate, and on the other hand, if 
the quantity of each droplet of the spacer dispersion liquid 
was decreased by making the hole diameter of the nozzles of 
an ink-jet head small so as to prevent being touched together 
of the droplets of the spacer dispersion liquid on the sub- 
strate, the precision of the deposition positions of the drop- 
lets of the spacer dispersion liquid was lowered and the 
resolution of the liquid crystal display could not be 
improved. 

SUMMARY OF THE INVENTION 

In view of the state of the art, it is an object of the 
invention to provide a method of fabricating a liquid crystal 
display by which a liquid crystal display capable of display- 
ing a high quality display image with high resolution and 
preventing light leakage, light omission and the like due to 
spacers may be produced. 

The present invention provides a method of fabricating a 
liquid crystal display, which has a step of locating a spacer 
on a substrate by ejecting a droplet of spacer dispersion 
liquid containing a spacer with a particle diameter R (urn) 
from a nozzle of an ink-jet apparatus and depositing the 
droplet on the substrate surface, a hole diameter of the 
nozzle being 7R (um) or larger, the spacer dispersion liquid 
having surface tension of 30 to 50 mN/m and a contact angle 
6 on the substrate surface of 30 to 90° and, in the step of 
locating the spacer on the substrate, depositing the droplet of 
the spacer dispersion liquid on the substrate surface at the 
interval of deposition D (um) satisfying a relationship of the 
following formula (1): 



X l2-3cos0+cos 3 0J " 



In the present invention, it is preferable to locate a spacer 
on a lattice point of a lattice light shielding region of a 
substrate A bearing a color filter having a pixel region 
located following a certain pattern and the lattice light 
shielding region defining the pixel region, or on a position 
of a substrate B to be set on the opposite side of the substrate 
A with a spacer and a liquid crystal interposed, correspond- 
ing to the lattice point of the lattice light shielding region of 
the substrate A. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing the structure of a 
conventional liquid crystal display. 

FIGS. 2a and b are schematic views showing the ejecting 5 
state of droplets of spacer dispersion liquid. 

In the drawings, the reference numeral 1 represents a 
transparent substrate; 2 represents a polarizer, 3 represents a 
transparent electrode; 4 represents a RGB coloration film; 5 
represents a black matrix; 6 represents an overcoat; 7 10 
represents a liquid crystal; 8 represents a spacer, 9 represents 
an alignment layer; 10 represents meniscus: and 11 repre- 
sents spacer dispersion liquid. 

DETAILED DESCRIPTION OF THE 15 
INVENTION 

Hereinafter, the invention will be described in detail. 

A method of fabricating a liquid crystal display of the 
present invention has a step of locating spacers on a sub- 20 
strate by ejecting droplets of spacer dispersion liquid con- 
taining the spacer with a particle diameter R (um) from 
nozzles of an ink -jet apparatus and depositing the spacers on 
the substrate surface. 

The ink-jet apparatus is not particularly limited and 25 
ink-jet apparatus employing a piezoelectric manner of eject- 
ing liquid by vibration of a piezoelectric element and a 
thermal manner of ejecting liquid by utilizing the expansion 
of the liquid by acute heating. In the piezoelectric manner, 
the liquid is drawn into an ink chamber in vicinity of the 30 
piezoelectric element or ejected via nozzle tip ends from the 
ink chamber by vibration of the piezoelectric element. 

Generally, a plurality of nozzles are installed in the 
direction perpendicular to the movement direction of the 
ink-jet head in a certain location manner such as equal 35 
intervals in the ink-jet apparatus. 

The hole diameter of each nozzle of the ink-jet apparatus 
is 7R (um) or larger in relation to the particle diameter R 
(urn) of the spacers. If it is smaller than 7R (urn), as 
compared with the particle diameter of the spacers, the hole 40 
diameter of the nozzles is so small that the ejecting precision 
may be decreased at the time of ejecting the spacers or in an 
extreme case, the nozzles are clogged to make ejection 
impossible. Since the particle diameter of the spacers is 
generally about 1.5 to 10 urn, the aperture diameter of the 45 
nozzles of the ink-jet apparatus is set to be at least 10 um or 
larger. 

The reason for decrease of the ejection precision at the 
time of ejecting the spacers if the hole diameter of the 
nozzles is so small in relation to the particle diameter can be 50 
explained as follows. 

As an ejecting method of droplets in the ink-jet apparatus, 
there are a drawing method by which the meniscus (the 
interface between an ink and air) at the nozzle tip ends is 
drawn back immediately before ejection and then the liquid 55 
is pushed out and a pushing method by which the liquid is 
directly pushed out from the position where the meniscus is 
set still and stopped. The drawing method is mainly 
employed in common ink-jet apparatus and the drawing 
method can be characterized in that it can eject small 60 
droplets. Since it is required to eject small droplets in the 
case of ejecting droplets of the spacer dispersion liquid, the 
drawing method is effective. In the drawing method, the 
meniscus is drawn back immediately before ejection, how- 
ever, as shown in FIG. 2(a), in the case the hole diameter of 65 
the nozzles is small and if the spacers exist in the vicinity of 
the drawn back meniscus, the meniscus is not drawn back 
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axially symmetrically and therefore the droplets do not 
move straight forward but curved at the time of pushing after 
the drawing back, and ejection precision decreases. On the 
other hand, as shown in FIG. 2(b), in the case the hole 
diameter of the nozzles is large, the meniscus is drawn back 
axially symmetrically and the droplets move straight for- 
ward at the time of pushing after the drawing back. 

The hole diameter of the nozzles of the ink -jet apparatus 
is preferably 1 5R (um) and 1 50 um or smaller. If it more than 
15R (um) and 150 um. the droplets to be ejected become 
large to make the deposition diameter large and therefore the 
precision of the spacer location may decrease. 

The quantity of the droplets to be ejected by the nozzles 
of the ink-jet apparatus is preferably 10 to 80 pL. As a 
method of controlling the quantity of the droplets, a method 
of optimizing the hole diameter of the nozzles, a method of 
optimizing the electric signals for controlling the ink-jet 
head, and the like may be exemplified. Above all, the 
method of optimizing the electric signals for controlling the 
ink-jet head is particularly important in the piezoelectric 
manner ink-jet apparatus. 

The spacer dispersion liquid contains spacers with a 
particle diameter R (um). 

The spacer is preferable to be dispersed in single particle 
state in the spacer dispersion liquid. If there are agglomer- 
ates in the spacer dispersion liquid, the ejection precision of 
the ink -jet apparatus may decrease and in an extreme case, 
the nozzles of the ink-jet apparatus may be clogged. 

The spacers are not particularly limited and inorganic 
silica fine particles, organic polymer fine particles, and the 
like can be exemplified. Among them, the organic polymer 
fine particles have proper hardness so as not to damage an 
alignment layer formed on a substrate of a liquid crystal 
display, are easy to follow the fluctuation of the thickness 
owing to the thermal expansion or thermal shrinkage and 
spacers move drelatively scarcely inside the liquid crystal 
display and therefore, they are preferable. 

The organic polymer fine particles are not particularly 
limited and in general, in terms of strength and the like, 
polymers obtained by polymerization of mixtures of mono- 
functional monomers and polyfunctional monomers may be 
used. The mixing ratio of the polyfunctional monomers in 
the mixtures is preferably 30% by weight or lower. 

The monoftinctional monomers are not particularly lim- 
ited and examples include styrene derivatives such as sty- 
rene, a-methylstyrene, p-methylstyrene. p-chlorostyrene, 
and chloromethylstyrene; vinyl chloride; vinyl esters such as 
vinyl acetate and vinyl propionate; unsaturated nitriles such 
as acrylonitrile; and (meth)acrylic ester derivatives such as 
methyl (meth)acrylate, ethyl(meth)acrylate, butyl (meth) 
acrylate, 2-ethylhexyl (meth)acrylate, stearyl (meth)acry- 
late, ethylene glycol (meth)acrylate, trifluoroethyl (meth) 
acrylate, pentafluoropropyl (meth)acrylate, and cyclohexyl 
(meth)acrylate. These monoftinctional monomers may be 
used alone or two or more of them may be used in combi- 
nation. 

The polyfunctional monomers are not particularly limited 
and examples include divinylbenzene, 1 ,6-hexanediol 
di(meth)acrylate, trimethylolpropane tri(meth)acrylate, tet- 
ramethylolmethane tri(meth)acrylate, tetramethylol propane 
tetra(meth)acrylate, diallyl phthalate and its isomers, trial lyl 
isocyanurate and its derivatives, trimethylolpropane tri 
(meth)acryJate and its derivatives, pentaerythritol tri(meth) 
acrylate, r^entaerythritol tetra(meth)acrylate, dipentaerythri- 
tol hexa(meth)acrylate, polyethylene glycol di(meth) 
acrylate such as ethylene glycol di(meth)acrylate, 
polypropylene glycol di(meth)acrylate such as propylene 
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glycol di(meth)aerylate. polytetramethylene glycol di(meth) 
acrylate, neopentyl glycol di(meth)acrylate, 1,3-butylene 
glycol di(meth)acrylate, 2,2-bis[4-(methacryloxypoly- 
ethoxy)phenyl] propane di(meth)acrylale such as 2,2-bis[4- 
(methacryloxyethoxy)phenyl]propane di(meth)acrylate, 2,2- 5 
hydrogenaied-bis[4-(acryloxyelhoxy)phen>i]propane 
di(meth)acrylate, and 2,2 -bis [4-(acry loxyethoxypoly pro- 
poxy )phenyl] propane di(meth)acrylate. These polyfunc- 
tional monomers may be used alone or two or more of them 
may be used in combination. 10 

A method of producing fine particles by polymerization of 
the mixtures of the monofunctional monomers and poly- 
functional monomers is not particularly limited and 
examples are suspension polymerization, seed polymeriza- 
tion, dispersion polymerization and the like. 15 

The suspension polymerization is a method of polymer- 
ization to adjust the intended particle diameter by dispersing 
a monomer composition containing monomers and a poly- 
merization initiator in a poor solvent. In the suspension 20 
polymerization, generally water mixed with a dispersion 
stabilizer may be used as a dispersion medium. 

Although differing depending on the polymerization ini- 
tiator and monomers, the polymerization conditions in the 
suspension polymerization are preferably 50 to 80° C. for 2 5 
polymerization temperature and 3 to 24 hours for polymer- 
ization time. 

In the case of the suspension polymerization, the particle 
diameter distribution of the fine particles to be obtained 
becomes relatively broad and therefore classification is 30 
carried out at the time of using the particles as spacers. 
Accordingly, the suspension polymerization is suitable for 
producing fine particles with various particle diameters. 

The seed polymerization is a polymerization method of 
expanding particles to an intended diameter by making 35 
m o nodi s perse seed particles which are synthesized by soap- 
free polymerization or emulsion polymerization further 
absorbing monomers and then carrying out polymerization. 

The organic monomers to be used as the seed particles are 
not particularly limited, however, to suppress the phase 40 
separation at the time of the seed polymerization, it is 
preferable for the organic monomers to have a composition 
as similar as possible to that of the monomers to be absorbed 
at the time of seed polymerization and in terms of the 
monodispersibility of the particle diameter distribution, sty- 45 
rene and its derivatives are preferably used. 

The particle diameter distribution of the seed particles is 
reflected in the particle diameter distribution after seed 
polymerization and therefore, it is preferable to be mono- 5Q 
disperse as much as possible and to have CV value of 5% or 
lower. 

The monomers to be absorbed at the time of the seed 
polymerization are not particularly limited, however, since 
the phase separation from the seed particles easily occurs at 55 
the time of seed polymerization, it is preferable for the 
monomers to have a composition as similar as possible to 
that of the seed particles. For example, if the seed particles 
are of styrene, it is preferable to use aromatic divinyl 
monomers and if the seed particles are of acrylic, it is 60 
preferable to use acrylic multi-vinyl monomers. 

The addition amount of the monomers to be absorbed in 
the seed particles in the seed polymerization is preferably 20 
to 100 parts by weight to 1 part by weight of the seed 
particles. If it is less than 20 parts by weight, the breaking 65 
strength of crosslinked particles to be obtained is sometimes 
insufficient and if it is more than 100 part by weight, the 



,568 B2 

6 

particle agglomeration or the like takes place at the time of 
seed polymerization to result in board particle diameter 
distribution in some cases. 

Since monodisperse particles can be obtained without 
classification in the seed polymerization, the seed polymer- 
ization is preferable for producing a large quantity of fine 
particles with a specified particle diameter. 

The dispersion polymerization is a method of precipitat- 
ing produced polymers in form of particles by carrying out 
polymerization in a poor solvent system in which the 
monomers are dissolved but produced polymers are not 
dissolved after previously adding a polymer dispersion 
stabilizer to the system. Generally, if crosslinkable mono- 
mers are polymerized by dispersion polymerization, par- 
ticles tend to agglomerate and thus it becomes difficult to 
stably obtain monodisperse crosslinked particles, however, 
it is made possible by selecting the conditions. 

It is preferable to control the crosslinkable monomers in 
50% by weight or more in the entire amount of the mono- 
mers. If it is less than 50% by weight, since having soft 
surfaces in the solvent at the time of polymerization, the fine 
particles to be formed by the dispersion polymerization are 
touched together one another owing to collision of the fine 
particles, particle diameter distribution may broad and fur- 
ther agglomerates may be formed. Further, even if the 
monodispersibility is maintained, in the case the crosslink - 
ing density is low, sufficient breaking strength as spacers 
may not be obtained. 

Since the dispersion polymerization can produce mono- 
disperse particles without classification and therefore, it is 
suitable for producing a large quantity of fine particles with 
a specified particle diameter. 

In the case of the various polymerization methods, a 
polymerization initiator, a solvent, a dispersion stabilizer 
and the like are employed. 

The polymerization initiator is not particularly limited and 
examples include organic peroxides such as benzoyl perox- 
ide, lauroyl peroxide, ortho-chlorobenzoyl peroxide, ortho- 
methoxybenzoyl peroxide, 3,5,5-trimethylhexanoyl perox- 
ide, t-butylperoxy-2-ethyl hexanoate, and di-t-butyl 
peroxide; and azo compounds such as azobis(isobutyloni- 
trile), azobis(cyclohexacarbonitrile). and azobis(2,4-dimeth- 
ylvaleronitrile). 

In general, the addition amount of the polymerization 
initiator is preferably 0.1 to 10 parts by weight to 100 parts 
by weight of the mixture of monofunctional monomers and 
polyfunctional monomers. 

The solvent may properly be selected depending on the 
monomers to be used and examples preferably include 
organic solvents such as acetonitrile, N,N-dimethylforma- 
mide, dimethylsulfoxide, ethyl acetate; alcohols such as 
methanol, ethanol, andpropanol; Cellosolves such as methyl 
cellosoK'e and ethyl cellosolve; ketones such as acetone, 
methyl ethyl ketone, methyl butyl ketone, and 2-butanone; 
and hydrocarbons. Also, the solvent may include mixed 
solvents of these organic solvents with other organic sol- 
vents compatible with the formers and water and the like. 

The dispersion stabilizer is preferably a polymer soluble 
in a medium and examples include polyvinyl alcohol, poly- 
vinylpyrrolidone, methyl cellulose, ethyl cellulose, poly 
(acrylic acid), polyacrylamide, and poly(ethylene oxide). 
Also, nonionic or ionic surfactants are used accordingly. 

The spacers are required to have a certain strength since 
they are used as a gap material of the liquid crystal display 
and the compressive elasticity modulus with 10% deforma- 
tion of the diameter (hereinafter, referred to also as 10% 
K-value) is preferably 2,000 to 1 5 : 000 MPa. If it is less than 
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2,000 MPa, deformation occurs due to the press pressure at 
the time of assembly of the liquid crystal display, and thus 
it sometimes becomes impossible to keep a proper gap. If it 
is more than 15,000 MPa : the alignment layer on the 
substrate may be damaged at the time of disposition in the 
liquid crystal display abnormal display may be caused. 

The 10% K- value can be calculated from load to cause 
1 0% strain of fine particles on a smooth end face of a column 
made of diamond with 50 urn diameter by using a micro 
compressing tester (PCT-200, manufactured by Shimadzu 
Corporation) according to the method disclosed in Japanese 
Kohyo Publication Hei-6-503 1 80. 

The spacers may be used being colored for improving the 
contrast of the liquid crystal display. As the colored spacers, 
for example, those which are colored by treatment with 
carbon black, disperse dyes, acidic dyes, basic dyes, metal 
oxides, or by coating organic films on the surfaces and 
decomposing or carbonizing the resulting film at a high 
temperature may be used. In the case the materials them- 
selves to form the spacers have colors, they may be used as 
they are without coloration. 

The spacers may be coated with adhesive layers on the 
surfaces or surface-modified so as not to disorder the align- 
ment of the liquid crystal. 

As a method of the surface-modification, there are a 
method, as disclosed in Japanese Kokai Publication Hei-1- 
247154, of modification by depositing resin on the spacer 
surfaces; a method, as disclosed in Japanese Kokai Publi- 
cation Hei-9-113915, of modification by applying com- 
pounds reactive on functional groups of the spacer surfaces; 
and a method, as disclosed in Japanese Kokai Publication 
Hei- 11-223821, of modification by graft-polymerization on 
the spacer surfaces. The method for forming a surface layer 
chemically bonded to the spacer surfaces is preferable since 
it can prevent separation of the surface layer in the cell of the 
liquid crystal display or elution to the liquid crystal. Among 
them, as disclosed in Japanese Kokai Publication Hei-9- 
113915, a method involving causing reaction of an oxidizing 
agent with fine particles having reductive groups in the 
surface to generate radicals on the particle surface and 
carrying out graft polymerization on the surface is particu- 
larly preferable since the surface layer with a high density 
and a sufficient thickness can be formed. 

The concentration of the spacers in the spacer dispersion 
liquid is preferably 0.05 to 5% by weight. If it is less than 
0.05% by weight, the probability that no spacer is contained 
in a droplet of the ejected spacer dispersion liquid may be 
high. If it is more than 5% by weight, the nozzles of the 
ink-jet apparatus tend to be clogged easily or the number of 
spacers contained in each droplet of the deposited spacer 
dispersion liquid may possibly be too high to move the 
spacers in the drying step. It is more preferably 0. 1 to 2% by 
weigh. 

The spacer dispersion liquid is dispersion liquid obtained 
by dispersing spacers in a medium. 

The medium of the spacer dispersion is not particularly 
limited and various compounds in liquid at a temperature to 
be ejected by the ink-jet head may be used. Above all, 
water-soluble or hydrophilic liquid is preferable. Since ink- 
jet heads of some ink-jet apparatuses are made usable for 
water systems, in the case of using such ink-jet heads, media 
with high hydrophobicity are not preferable since they may 
erode members composing the ink-jet heads or dissolve a 
part of adhesives sticking the members. Further, in general, 
since a resin thin film called as an alignment layer is formed 
on the substrate, those which do not cause the alignment 
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layer pollution, for example, do not penetrate or dissolve the 
alignment layer, are preferable. 

The water-soluble or hydrophilic liquids are not particu- 
larly limited and examples include pure water; monoalco- 

5 hols such as ethanol, n-propanol, 2-propanol, 1-butanol, 
2-butanol, 1-hexanol, 1 -methoxy-2-propanol, furfuryl alco- 
hol, and tetrahydrofurfuryl alcohol; oligomers such as eth- 
ylene glycol, diethylene glycol, methylene glycol, and tet- 
raethylene glycol; lower monoalkyl ethers such as 

10 monomethyl ether, monoethyl ether, monoisopropyl ether, 
monopropyl ether, and monobutyl ether of ethylene glycol 
oligomers; lower dialkyl ethers such as dimethyl ether, 
diethyl ether, diisopropyl ether, and di propyl ether of eth- 
ylene glycol oligomers; alkyl esters such as monoacetate and 

15 diacetate of ethylene glycol oligomers; oligomers of propy- 
lene glycol such as propylene glycol, dipropylene glycol, 
tripropylene glycol, and tetrapropylene glycol; lower 
monoalkyl ethers such as monomethyl ether, monoethyl 
ether, monoisopropyl ether, monopropyl ether, and monobu- 

20 tyl ether of propylene glycol oligomers; lower dialkyl ethers 
such as dimethyl ether, diethyl ether, diisopropyl ether, and 
dipropyl ether of propylene glycol oligomers; alkyl esters of 
monoacetate and diacetate of propylene glycol oligomers; 
diols such as 1,3-propanediol, 1,2-butanediol, 1,3-butane- 

25 diol, 1,4-butanediol, 3 -methyl- 1,5-pentanediol, 3-hexene-2, 
5-diol, 1,5-pentanediol, 2,4-pentanediol, 2-methy]-2.4-pen- 
tanediol, 2,5-hexanediol. 1,6-hexanediol, and neopentyl 
glycol: ether derivatives and acetate derivatives of diols; 
polyhydric alcohols such as glycerin, 1,2,4-butanetriol, 1,2, 

30 6-hexanetriol, 1,2,5-pentanetriol, trimethylolpropane, trim- 
ethylolethane, and pentaerythritol; ether derivatives and 
acetate derivatives of polyhydric alcohols; dimethyl sulfox- 
ide, thiodiglycol, N-methyl-2-pyrroIidone, N-vinyl-2-pyr- 
rolidone, Y-b utvr °l actone > l,3-dimethyl-2-imidazolidine, 

35 sulfolane. formamide. N,N-dimethylformamide, N,N-dieth- 
ylformamide, N-methylformamide, acetamide, N-methylac- 
etamide, a-terpineol, ethylene carbonate, propylene carbon- 
ate, bis-p -hydroxy ethylsulfone, bis-P-hydroxyethylurea, 
N,N-methylethanolamine, abietinol, diacetone alcohol, and 

40 urea. 

The medium of the spacer dispersion liquid is preferable 
to contain liquid with a boiling point lower than 100° C. 
More preferably, an organic solvent with a boiling point of 
70° C. or higher and lower than 100° C. is used. As such an 

45 organic solvent, for example, lower monoalcohols such as 
ethanol, n-propanol, and 2-propanol and acetone can be 
exemplified. Use of these organic solvents with relatively 
low boiling points makes evaporation of them possible at a 
relatively low temperature in the case of drying the spacer 

50 dispersion liquid ejected to the substrate, and it can prevent 
pollution of the alignment layer due to contact with a high 
temperature medium and deterioration of the display quality 
of the liquid crystal display. 
The liquid with a boiling point lower than 100° C. is 

55 preferable to have a surface tension of 25 mN/m or lower at 
20° C. If the surface tension of the liquid to be ejected is 30 
to 50 mN/m, a common ink-jet apparatus shows good 
ejection precision. On the other hand, the surface tension of 
the spacer dispersion liquid ejected to the substrate is 

60 desirable to be high for transferring the spacers during the 
drying step. If the surface tension of the liquid with a boiling 
point lower than 100° C is 25 mN/m or lower at 20° C. the 
surface tension of the spacer dispersion liquid can be kept 
relatively low at the time of ejecting and a good ejection 

65 precision can be obtained and after the deposition on the 
substrate, the liquid can be evaporated prior to other com- 
ponents in the spacer dispersion liquid the surface tension of 
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the resulting spacer dispersion liquid increases and thus The contact angle 9 of the spacer dispersion liquid to the 

transfer of the spacers toward the deposited point centers is substrate surface is 30 to 90°. If it is less than 30°, the 

made easy. droplets of the spacer dispersion liquid ejected to the sub- 

The ratio of the liquid with a boiling point lower than 100° strate surface are spread on the substrate and the location 

C. in the medium is preferably 10 to 80% by weight. If it is 5 intervals of the spacers cannot be narrow. If it is more than 

lower than 10% by weight, the drying speed of the spacer 90°. the droplets of the spacer dispersion liquid ejected to the 

dispersion liquid at the relatively low drying temperature substrate surface move around on the substrate by a slight 

becomes low and the productivity may decrease. If it is more vibration and as a result, the location precision decreases or 

than 80% by weight, the spacer dispersion liquid is exces- adhesion of the spacers to the substrate worsens. The contact 

sively dried in the vicinity of the nozzles of the ink-jet 10 angle 0 of the spacer dispersion liquid to the substrate 

apparatus and the ejection precision may decrease or surface can be controlled by adjusting the surface tension of 

agglomerated particles may be formed due to drying of the the spacer dispersion liquid by addition of the medium of the 

spacer dispersion liquid at the time of production or storage. spacer dispersion liquid. 

In this specification, the boiling point means the boiling The contact angle 9 of the spacer dispersion liquid to the 

point at one atmospheric pressure. 15 substrate surface can be measured at the substrate surface 

The medium of the spacer dispersion liquid is preferable temperature at the time of deposition of the droplets of the 

to contain a liquid with a boiling point of 1 50° C. or higher. spacer dispersion on the substrate surface. 

More preferably, a solvent having a boiling point of 150° C. The viscosity of the spacer dispersion liquid is preferably 

or higher and 200° C. or lower is contained. As such a 0.5 to 15 mPa s. If it is less than 0.5 mPa-s, it may become 

solvent, ethylene glycol and lower alcohol ethers such as 20 impossible to stably ejecting them, that is, it may become 

ethylene glycol monomethyl ether and ethylene glycol dim- difficult to control the ejection quantity. If it is more than 1 5 

ethyl ether can be exemplified. Use of such a solvent mPa-s, it may become impossible to eject them by the ink-jet 

prevents decrease of the ejection precision owing to the apparatus. It is more preferably 5 to 10 mPa s. In addition, 

excess drying in the vicinity of the nozzles of the ink-jet me liquid temperature of the spacer dispersion liquid may be 

apparatus or suppresses formation of the agglomerated par- 25 adjusted at the time of ejection by controlling the tempera- 

ticles because of drying of the spacer dispersion liquid at the rure of the ink-jet head of the ink-jet apparatus in a range 

time of production or storage. from -5° C. to 50° C. so as to keep the viscosity in the 

The liquid with a boiling point of 150° C. or higher is preferable range, 

preferable o have surface tension of 30 mN/m or higher at With respect to the method of fabricating a liquid crystal 

20° C. If it is 30 mN/m or higher, it is made possible to keep 30 display of the present invention, in the step of locating the 

the surface tension of the spacer dispersion liquid high and spacers on the substrate, the droplets of the spacer dispersion 

make the movement of the spacers easy after the droplets of liquid are deposited on the substrate surface at the interval 

the spacer dispersion liquid are deposited on the substrate of deposition D (um) satisfying the relationship of the 

and the solvent component with a lower boiling point is following formula (1): 
evaporated. 35 

The ratio of the liquid having a boiling point of 150° C. 

or higher in the medium is preferably 1 0 to 80% by weight. d > 35 x f R f' (1) 

If it is lower than 10% by weight, the ejection precision can ~ l2-3cos0+cos 3 0J 
be decreased owing to drying of the spacer dispersion liquid 
and agglomerated particles tend to be formed easily If it is 40 
more than 80% by weight, it takes a long time to dry it and 

the efficiency decreases and also the quality of the display In the case the ejection is carried out with the narrow 

image of the liquid crystal display tends to be deteriorated interval of deposition without satisfying the relationship of 

owing to the pollution of the alignment layer. the formula (1), unless the hole diameter of the nozzles of 

The spacer dispersion liquid may further contain an 45 the ink-jet head is made small, the diameter of droplets of the 

adhesive component for providing adhesive property and spacer dispersion liquid to be ejected becomes wide and the 

various surfactants and viscosity adjustment agents for deposition diameter is also wide, so that the droplets are 

improving the dispersibility of the spacers or improving the touched together one another on the substrate and if it 

ejection precision by control of the physical properties such occurs, the spacers cannot move toward certain points 

as surface tension and viscosity or improving the mobility of 50 during the drying step and consequently, the location pre- 

the spacers. cision of the spacers after the drying is decreased. On the 

The surface tension of the spacer dispersion liquid is 30 other hand, if the hole diameter of the nozzles of the ink-jet 

to 50 mN/m. If it is lower than 30 mN/m, the contact angle head is narrowed so as to make the diameter of the droplets 

of the spacer dispersion liquid and the substrate surface can of the spacer dispersion liquid to be ejected small, the spacer 

not be high and even if a substrate having an alignment layer 55 particle diameter becomes large relatively to the hole diam- 

with high hydrophobicity and low surface tension is used, eter of the nozzles and consequently, the spacers cannot 

the droplets of the spacer dispersion liquid are spread on the stably be ejected linearly in a single direction and owing to 

substrate and the location intervals of the spacers cannot be flying curve, the precision of the deposition positions is 

narrow. If it is more than 50 mN/m, bubbles remain in the decreased and in a worse case, nozzles may be clogged with 

nozzles of the ink-jet head to make ejection impossible. The 60 the spacers. 

surface tension of the spacer dispersion liquid can be The droplets of the spacer dispersion liquid are preferable 

adjusted by addition of the medium of the spacer dispersion to be deposited on the surface of one of two substrates 

liquid. composing the liquid crystal display. 

The surface tension of the spacer dispersion liquid can be The substrate is not particularly limited and, for example, 

measured at an ink -jet head temperature of the ink-jet 65 those which comprise glass or res in and are commonly used 

apparatus at the time of ejection, which is optionally set in as panel substrates for the liquid crystal display can be used, 

a range from -5° C. to 50° C. A resin thin film called alignment layer for controlling the 
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alignment of the liquid crystal molecules is generally formed 
on the surface of the substrate. The alignment layer is not 
particularly limited and generally, polyamide resin may be 
used to control the alignment of the liquid crystal molecules 
by rubbing treatment of the surface. As described, the 5 
contact angle 8 of the spacer dispersion liquid on the 
substrate surface to which the droplets of the spacer disper- 
sion liquid are deposited is 30 to 90°. 

Either one of substrates is preferable to bear a color filter 
having pixel regions located following specified patterns and 10 
lattice light shielding regions defining the pixel regions. 

The location positions of the spacers on the substrate are 
not particularly limited and may be located randomly or 
being patterned in specified positions, however, to prevent 
deterioration of display image quality of the liquid crystal 15 
display of the light omission and the like due to the spacers, 
it is preferable to locate them in non-display parts. As the 
non-display parts, there are light shielding regions, called 
black matrix, formed in the surroundings of the pixel regions 
and further parts positions where TFT elements are formed 20 
in the case of the TFT liquid crystal display and they are 
preferable to be located under the black matrix so as not to 
break the TFT elements. 

The spacers may be located in any optional patterns in any 
parts under the light shielding regions, however, to prevent 25 
them from coming out to the display parts, they are prefer- 
able to be located either on positions of lattice points of 
lattice light shielding regions of the substrate A bearing a 
color filter having pixel regions located following a certain 
pattern and the lattice light shielding regions defining the 30 
pixel regions, or on positions of the substrate B to be set on 
the opposite side of the substrate A with the spacers and a 
liquid crystal interposed, corresponding to the lattice point 
of the lattice light shielding regions of the substrate A. 

In addition, the black matrix generally has a width of 10 35 
to 30 um. 

The location density of the spacers is preferably 50 to 350 
per 1 mm square. 

The interval of deposition 1, which is an interval between 
the position on the substrate surface where the front end of 40 
a droplet of the spacer dispersion liquid is deposited and the 
position where the rear end of the droplet is deposited, is 
preferable to be controlled to be wider than 40 um. In 
addition, if an ejected droplet is deposited, being divided 
into several droplets, the interval of deposition 1 means the 45 
interval between the droplet which is deposited at first and 
the droplet which is deposited remotest form the first depos- 
ited droplet. 

Control of the interval of deposition 1 to be wider than 40 
um makes each droplet be elliptical or divides each droplet 50 
into several small droplets even in the case of circular 
droplet, while each droplet of the spacer dispersion liquid is 
made one circular droplet at the time of deposition by a 
conventional ejection method of the spacer dispersion liq- 
uid. Accordingly, in comparison with the deposition diam- 55 
eter obtained by the conventional ejection method of the 
spacer dispersion liquid, the shorter diameter of the elliptical 
droplets or the maximum deposition diameter among the 
droplets divided into several small droplets after the depo- 
sition can be made small to make the spacers easy to be 60 
collected in the non-display parts. 

The deposition state is determined by frying state of the 
droplets jetted out of the nozzles installed in an ink -jet head 
and the relative speed of the substrate and the ink-jet head. 
That is, the spacer dispersion liquid ejected in the ink-jet 65 
manner is ejected in form of rod droplets out of the nozzles 
and the droplets of the spacer dispersion liquid are deposited 



on the substrate as they are without being divided in air or 
deposited on the substrate while being divided each into two 
or more droplets in air (generally the latter case is frequent). 
At that time, if the relative speed V 4 of the substrate and the 
ink -jet head is extremely small, being independent of the 
flying state, the droplets are deposited in the vicinity of a 
single point and therefore the droplets are deposited almost 
circularly. If the relative speed V, of the substrate and the 
ink -jet head is small, being independent of the flying state, 
the droplets are deposited in elliptical shape. If the relative 
speed Vj of the substrate and the ink-jet head is high, the 
droplets are deposited in elliptical shape in the case the 
droplets are not divided in air and droplets divided small are 
deposited in circular or elliptical shape in the case they are 
divided in air. 

The interval of deposition 1 can be calculated according 
to the relationship of the following formula (2). 



sin*' V 2 V S " 



(2) 



In the formula (2), V, represents the relative speed of the 
ink-jet head and the substrate; t (s) represents the time taken 
to finish ejection of the rear end from the ejection of the front 
end of a droplet of the spacer dispersion liquid out of the 
droplet ejection port of the ink-jet head; L (m) represents the 
distance between the droplet ejection port of the ink-jet head 
and the substrate; <j> (°) represents tie angle between the 
ejection direction of the droplet of the spacer dispersion 
liquid and the substrate surface; V 2 (m/s) represents the 
speed of the droplet front end of the spacer dispersion liquid; 
and V 3 (m/s) represents the speed of the droplet rear end of 
the spacer dispersion liquid. 

According to the formula (2), to make the interval of 
deposition 1 wide, the relative speed \\ of the ink-jet head 
and the substrate, the ejection time t, and the distance L 
between the droplet ejection port of the ink-jet head and the 
substrate are made large, or the speed V 2 of the droplet front 
end of the spacer dispersion liquid and the speed V 3 of the 
droplet rear end of the spacer dispersion liquid are controlled 
to be slow and the speed V 3 of the droplet rear end of the 
spacer dispersion is controlled to be slow relatively to the 
speed V 2 of the droplet front end of the spacer dispersion 
liquid, or the angle q> between the ejection direction of the 
droplet of the spacer dispersion liquid to the substrate 
surface is made close to horizontal to make sin<j> low. 

The interval of deposition 1 can be made larger than 40 
urn by adjusting the driving conditions of the ink-jet head 
(piezoelectric element or the like) so as to control the 
respective parameters of the formula (2) for ejecting the 
droplets of the spacer dispersion liquid- 
Then, the respective parameters of the formula (2) will be 
explained. 

At first, the ink-jet head (nozzle) is installed at a tilt while 
the distance L between the droplet ejection port of the ink-jet 
head (nozzle tip end) and the substrate and the angle <j> 
between the substrate surface and the ejection direction of 
the droplet of the spacer dispersion liquid being controlled 
properly. The spacer dispersion liquid is ejected out of the 
nozzle to the substrate moving at a relative speed V, in 
relation to the ink -jet head at the droplet front end speed V 2 
in a manner that the ejection of the droplet rear end is 
finished after a lapse of the time t. At that time, the speed of 
the droplet rear end of the spacer dispersion liquid is V 2 . 
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Ejection in such a manner is defined to be one cycle and this 
cycle is repeated to locate the droplets of the spacer disper- 
sion liquid on the substrate. 

The upper limit of the relative speed V, of the ink-jet head 
and the substrate is determined by the ability of a driving 5 
apparatus such as the acceleration precision and positioning 
precision of the driving apparatus and so far, it is about 100 
m/s. In the case the interval of distribution of the spacer 
dispersion liquid (the time of one cycle) is too short to locate 
the spacers at desired intervals attributed to that the relative 10 
speed V, of the ink-jet head and the substrate is increased, 
the spacer dispersion liquid may be deposited in a plurality 
of times or the number of nozzles may be increased so as to 
solve such a problem. A method of depositing the spacers in 
a plurality of times is not particularly limited and they may 
be ejected changing the movement direction alternately 1_ 
every time (reciprocating ejection) or ejected only at the 
time of movement in one direction (one way ejection). 

The ejection time t may be set generally to be 3 us to 1 ms 
depending on the control conditions of the voltage to be 
applied to the piezoelectric element. The control condition 20 
of the voltage (waveform) to be applied to the piezoelectric 
element is set so as to stably eject the spacer dispersion 
liquid depending on the surface tension and the viscosity of 
the spacer dispersion liquid. 

The distance L between the droplet ejection port of the 25 
ink-jet head and the substrate is preferably 200 uxn to 3 mm. 
If it is less than 200 um, the ink-jet head may be brought into 
contact with the substrate and damage the substrate or the 
ink-jet head may be broken owing to the unexpected vibra- 
tion. If it is more than 3 mm. since the droplet of the spacer ^ 0 
dispersion liquid is so small as to be affected easily with air 
current in the ambient atmosphere or the slight curve of the 
droplet is magnified and a problem that the spacers are 
deposited at positions shifted from expected deposition 
positions and the like may occur. It is more preferably 300 35 
urn to 1 .5 mm. 

The angle $ between the ejection direction of a droplet of 
the spacer dispersion liquid and the substrate surface is 
preferably 5 to 175°. If it is less than 5° or more than 175°, 
the duration the droplet stays in air to the deposition time is 
prolonged and similarly to the case mat the distance L 40 
between the droplet ejection port of the ink-jet head and the 
substrate is wide, the droplet of the spacer dispersion liquid 
may be so small as to be affected easily with air current in 
the ambient atmosphere or the slight curve of the droplet is 
magnified and a problem that the spacers are deposited at 45 
positions shifted from expected deposition positions may 
occur. 

The speed V 2 of the front end of the droplet of the spacer 
dispersion liquid can be controlled generally in a range of 3 
to 20 m/s by increasing or decreasing the voltage to be 50 
applied to the piezoelectric element in the case of a piezo- 
electric ink-jet apparatus. The speed V 2 of the front end of 
the droplet of the spacer dispersion liquid is preferably 5 to 
12 m/s. 

The speed V 3 of the rear end of the droplet of the spacer 5S 
dispersion liquid is lower than the speed V 2 of the front end 
of the droplet of the spacer dispersion liquid and generally 
in a range of 1 to 10 m/s. The speed V 3 of the rear end of the 
droplet of the spacer dispersion liquid is determined depend- 
ing on the speed V 2 of the front end of the droplet of the 
spacer dispersion liquid, the divided state of the droplet of 60 
the spacer dispersion liquid, and the surface tension and 
viscosity of the spacer dispersion liquid. 

The droplet of the spacer dispersion liquid is ejected in 
rod state and there are cases that the droplet is not divided 
and the droplet is divided until it is deposited on the 65 
substrate. In the case that no division takes place and the 
droplet becomes spherical in air until it is deposited, the 
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speed of the front end of the droplet and the speed of the rear 
end at the time of deposition are approximately the same. To 
say strictly, the droplet speed at the time of the deposition is 
not the same as the speed of the front end of the droplet or 
the speed of the rear end since the droplet in rod shape 
becomes spherical, however, the difference is small as 
compared with the droplet speed and therefore in this case, 
they are regarded to be the same. In the case that no division 
takes place and the droplet is deposited as it is in rod state, 
the difference of the speed of the front end of the droplet or 
the speed of the rear end at the time of ejection is left as the 
difference of the speed of the front end of the droplet or the 
speed of the rear end at the time of deposition. 

On the other hand, in the case the droplet is divided into 
several droplets, it is supposed that the speed of the front end 
of the droplet at the time of ejection is the speed of the 
droplet at the head at the time of deposition (generally called 
as a main droplet) and that the speed of the rear end of the 
droplet at the time of ejection is the speed of the droplet in 
the most tail (generally the droplet following the main 
droplet is called as a satellite droplet). 

In addition, generally, if the speed of the front end of the 
droplet is 3 m/s or lower, the droplet is not divided in many 
cases and if the speed of the front end of the droplet is 3 to 
20 m/s, the droplet is divided in many cases. 

The spacer dispersion liquid deposited on the substrate 
surface by the method is dried and the spacers are located on 
the substrate. 

A method of drying the spacer dispersion liquid is not 
particularly limited and for example, there are a method of 
heating the substrate and a method of blowing hot air and to 
gather the spacers around the center of the deposited droplet 
during the drying step, it is preferable to set proper condi- 
tions such as the boiling point of the medium, the drying 
temperature, the drying time, the surface tension of the 
medium, the contact angle of the medium on the alignment 
layer and the concentration of the spacers. 

To gather the spacers around the center of the deposited 
droplet during the drying step, it is preferable to dry for 
duration to an extent that the liquid is not eliminated during 
the time the spacers moved on the substrate. Further, if a 
medium easy to be evaporated at a room temperature is used 
for the spacer dispersion liquid, agglomerated particles may 
be produced by drying at the time of production and storage 
of the spacer dispersion liquid and thus the ink-jet ejecting 
property may be deteriorated owing to the drying in the 
vicinity of a nozzle of the ink-jet apparatus. However, when 
the medium is brought into contact with the alignment layer 
for a long time at a high temperature, the alignment layer is 
polluted to deteriorate the display image quality of the liquid 
crystal display in some cases. Also, even if the substrate 
temperature is relatively low, in the case the drying duration 
is considerably long, the productivity of the liquid crystal 
display is decreased. 

In consideration of these conditions, the temperature of 
the substrate surface at the time of deposition of the droplet 
of the spacer dispersion liquid in the method of fabricating 
the liquid crystal display of the present invention is prefer- 
able to be a temperature lower by at least 20° C. than the 
boiling point of a liquid having the lowest boiling point 
among the liquid contained in the spacer dispersion liquid. 
If it is higher than the temperature lower by at least 20° C. 
than the boiling point of the liquid having the lowest boiling 
point among the liquid contained in the spacer dispersion 
liquid, the liquid is acutely evaporated to make the move- 
ment of the spacers impossible and in an extreme case, 
owing to the fierce boiling of the liquid, the spacers are 
moved together with the droplet on the substrate and con- 
siderable decrease of the positioning precision of the spacers 
occurs in some cases. 
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Further in the case a drying method for drying the medium 
by gradually increasing the temperature of the substrate after 
deposition of the droplet of the spacer dispersion liquid on 
the substrate surface is employed, it is preferable that the 
temperature of the substrate surface at the time of deposition 5 
of the droplet of the spacer dispersion liquid is lower by at 
least 20° C. than the boiling point of the liquid having the 
lowest boiling point among the liquid contained in the 
spacer dispersion and the temperature of the substrate sur- 
face is not higher than 90° C. until the drying is completed. 
It is more preferable that it is not higher than 70° C. If the 
temperature of the substrate surface at the time of deposition 
of the droplet of the spacer dispersion liquid is higher than 
the temperature lower by 20° C. than the boiling point of the 
liquid having the lowest boiling point among the liquid 
contained in the spacer dispersion liquid, the liquid is 15 
acutely evaporated to make the movement of the spacers 
impossible and in an extreme case, owing to the fierce 
boiling of the liquid, the spacers are moved together with the 
droplet on the substrate and considerable decrease of the 
positioning precision of the spacers occurs in some cases. In 20 
addition, if the temperature of the substrate surface is more 
than 90° C. until the drying is completed, the alignment layer 
is polluted to deteriorate the display image quality of the 
liquid crystal display in some cases. 

The completion of drying means at the moment the 25 
droplet on the substrate disappears. 

By the method of fabricating the liquid crystal display of 
the present invention, the liquid crystal display can be 
fabricated according to conventionally known fabrication 
steps of the liquid crystal display except the step of locating ^ 
the spacers on the substrate in the manner. ~ ' 

Generally, the substrate on which the spacers are located 
by the step of the spacer location on the substrate and a 
substrate to be set on an opposite substrate are heat bonded 
using a circumferential seal material and the gap between 
these two substrates is filled with a liquid crystal so that the 35 
substrate on which the spacers are located and the opposite 
substrate are facing each other with the spacers and a liquid 
crystal interposed to obtain a liquid crystal display. 

Accordingly, the method of fabricating the liquid crystal 
display of the present invention is a method which has a step 40 
of locating spacers on a substrate by ejecting droplets of a 
spacer dispersion liquid containing the spacers with a par- 
ticle diameter R (um) from nozzles of an ink-jet apparatus 
and depositing the droplets on the substrate surface and the 
hole diameter of the nozzles is 7R (um) or larger the spacer 45 
dispersion liquid has surface tension of 30 to 50 mN/m and 
a contact angle 9 on the substrate surface of 30 to 90°: and 
in the step of locating the spacers on the substrate, depos- 
iting the droplets of the spacer dispersion liquid on the 
substrate surface at the interval of deposition D (um) satis- 50 
fying the relationship of the formula (1), so that touching 
together of the droplets of the spacer dispersion liquid on the 
substrate or the flying curve at the time of the ejection of the 
droplets from the nozzles can be prevented and precision of 
the deposition positions of the spacer dispersion liquid can 
be improved. Accordingly, the spacers can be located at high 55 
precision on non-display parts with a narrow width of the 
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substrate of the liquid crystal display by the ink-jet method 
and light leakage and light omission due to spacers can be 
prevented and a liquid crystal display capable of displaying 
a high quality display image with high resolution can be 
fabricated. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, the present invention will be described more 
in detail by way of examples. However, the present inven- 
tion is not limited to these examples. 

EXAMPLE 1 

(Production of Fine Particles for Spacers) 

After divinylbenzene 1 5 parts by weight, isooctyl aery late 
5 parts by weight, and benzoyl peroxide 1.3 parts by weight 
as a polymerization initiator were evenly mixed in a sepa- 
rable flask and then an aqueous solution of 3% polyvinyl 
alcohol) (GL-03. manufactured by Kuraray Co., Ltd.) 20 
parts by weight and sodium dodecylsulfate 0.5 part by 
weight were added and stirred well, ion exchanged water 
140 parts by weight was added. While this solution being 
stirred, reaction was carried out for 15 hours at 80° C. in 
nitrogen current. After the obtained fine particles are washed 
with hot water and acetone, the particles are subjected to 
classification and fine particles for spacers were obtained by 
evaporation of acetone. The average particle diameter of the 
fine particles of the spacers was 2.5 um and CV value was 
3.0%. 

(Surface Treatment of the Spacers) 

The obtained fine particles for spacers 5 parts by weight 
were added to a mixed solution of dimethyl sulfoxide 
(DMSO) 20 parts by weight, hydroxymethyl methacrylate 2 
parts by weight, and N-ethylacrylamide 1 8 parts by weight 
and dispersed by a sonicator and evenly stirred. While 
nitrogen gas being introduced into the reaction system, 
stirring was carried out continuously at 30° C. for 2 hours. 
A 0.1 mol/L di -ammonium cerium nitrate solution 10 parts 
by weight adjusted with 1 N nitric acid solution was added 
and the reaction was further continued for 5 hours. On 
completion of the polymerization reaction, the reaction 
solution was filtered by a 3 um membrane filter and particles 
and the reaction solution were separated. The particles were 
sufficiently washed by ethanol and acetone and vacuum- 
dried by a vacuum drier to obtain spacers. 

(Production of the Spacer Dispersion Liquid) 

The obtained spacers 0.50 parts by weight were slowly 
added to a dispersion medium with the composition 
described in Table 1, dispersed by sufficiently stirring by a 
sonicator, and filtered with stainless mesh with 10 um 
opening for removing agglomerates to obtain a spacer 
dispersion liquid A. 



TABLE 1 



Spacer dispersion liquid 







A 


B 


C 


D 


E 


RA 


RB 


Addition amount solvent 


isopropyt aJcohol 


20 


20 


10 


25 


20 


100 




(parts by weight) 


ethylene glycol 


40 


40 


40 


75 


40 








water 


40 


40 


50 




40 




100 



spacer 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
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TABLE 1 -continued 









Spacer dispersion liquid 








A 


B 


C 


D 


E 


RA 


RB 


Spacer particle diameter R (um) 


2.5 


4.5 


4.5 


4.5 


6.0 


45 


4.5 


Surface tension of spacer dispersion liquid (mN/m) 


31.7 


31.7 


37.8 


34.2 


31.7 


21.7 


72.6 


Contact angle on substrate surface 0 ( c ) 


44 


44 


58 


50 


44 


<5 


77 



(Location of Spacers by Ink-Jet Method) 

A solution containing polyimide (Sunever 1 50, manufac- 
tured by Nissan Chemical Industry Co.. Ltd.) was evenly 
applied by spin coaling method to a color filter glass 1S 
substrate provided with ITO transparent electrodes on the 
surface and bearing a black matrix with 25 um width 
between the pixels (vertical length 150 umxhorizontal 
length 75 um pitches) of the color filter and after the solution 
was dried at 1 50° C. the resulting substrate was fired at 230° 20 
C. for 1 hour for curing to obtain a substrate bearing an 
alignment layer. The obtained substrate was attached to a 
stage and the stage was heated by a heater attached to the 
stage to heat the substrate at 60° C. 

Next, after the contact angle 9 of the spacer dispersion 2 5 
liquid A on the substrate surface heated to 60° C. and was 
measured, the spacer dispersion liquid A was ejected to the 
substrate heated to 60° C. by a piezoelectric manner ink-jet 
apparatus having an ink-jet head with hole diameter 40 um 
of the nozzle to locate spacers at 1 1 0 um intervals in every 30 
other line of the vertical lines of the black matrix (vertical. 
110 umxhorizontal 150 um pitches). The surface tension of 
the spacer dispersion liquid A at the time of ejection was 
31.7 mN/m. Further, the location density of the spacers 
located in such a manner was 200 pieces/mm 2 . 35 

After it was confirmed that the spacer dispersion liquid A 
ejected on the substrate was completely dried with eye 
observation, to further dry and firmly fix spacers in the 
substrate, the substrate was moved on a hot plate heated at 
150° C. for heating and then kept still for 30 minutes. 40 

The obtained color filter glass substrate in which the 
spacers were located and an opposite substrate were stuck to 
each other using a circumferential seal material and the seal 
material were heated at 150° C. for 1 hour to cure the 
material and to form an empty cell with a cell gap equal to 45 
the particle diameter of the spacers and it was filled with a 
liquid crystal by vacuum method and an injection port was 
sealed with a sealing agent to obtain a liquid crystal display. 

(Evaluation) 

The relation between the spacer dispersion liquid and the 
interval of deposition D, the droplet state at the time the 
spacer dispersion was deposited on the substrate, the loca- 
tion state of the spacers after the droplets of the spacer 
dispersion liquid were dried, in the production steps of the ^ 
liquid crystal display and the display image quality of the 
obtained liquid crystal display were evaluated according to 
the following standards. 

The results are shown in Table 2. 

<The Relation Between the Spacer Dispersion Liquid and 60 

the Interval of Deposition D> 

O: The relationship of the formula (1) was satisfied. 

x: The relationship of the formula (1) was not satisfied. 

<The Droplet Deposition State> 65 
©: The deposition center of a droplet was at the position 
corresponding to a lattice point in a light shielding region. 



O: The deposition center of a droplet was at the position on 

a light shielding region, 
shift: The deposition center of a droplet was shifted from a 

light shielding region. 
Droplets are touched together: Droplets were touched 

together to be a large droplet. 
There are positions where droplets are not deposited: No 

spacer was ejected out of some of nozzles of an ink-jet 

head to form parts where spacers were absent. 

<Spacer Location Precision> 

O: Almost all of the spacers were on light shielding parts. 
A: Some of spacers were at positions out of the light 

shielding regions, 
x: Many spacers were at positions out of the light shielding 

regions. 

<Display Image Quality> 

O: Spacers were scarcely observed in the display regions 

and the quality of images was good without light omission 

attributed to the spacers. 
A: Some spacers were observed in the display regions and 

light omission attributed to the spacers took place, 
x: Many spacers were observed in the display regions and 

light omission attributed to the spacers took place. 

EXAMPLES 2 TO 6 

0.50 parts by weight of spacers with an average particle 
diameter 4.5 um and CV value 3.0% or spacers with an 
average particle diameter 6.0 um and CV value 3.0% pro- 
duced in the same manner as Example 1 were gradually 
added to dispersion media with the compositions shown in 
Table 1 and sufSciently stirred by a sonicator for dispersion 
and then filtered with a stainless mesh with 10 um opening 
for agglomerate removal to obtain spacer dispersion liquid 
B, C, D, and E. Liquid crystal displays were fabricated in the 
same manner as Example 1 , except that the spacer dispersion 
liquid B, C, D, and E were used as the spacer dispersion 
liquid as described in Table 2 and evaluated in the same 
manner. 

The results were shown in Table 2. 

EXAMPLES 7 AND 8 

Liquid crystal displays were fabricated in the same man- 
ner as Examples 2 and 5. except that deposition positions of 
the droplets of the spacer dispersion liquid were adjusted to 
be at lattice points of the black matrixes. 

The results were shown in Table 2. 

COMPARATIVE EXAMPLES 1 TO 5 

0.50 parts by weight of spacers with an average particle 
diameter 4.5 um and CV value 3.0% produced in the same 
manner as Example 1 were gradually added to dispersion 
media with the compositions shown in Table 1 and suffi- 
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ciently stirred by a sonicator for dispersion and then filtered 
with a stainless mesh with 10 urn opening for agglomerate 
removal to obtain spacer dispersion liquid B, C, E, RA and 
RB. Liquid crystal displays were fabricated in the same 
manner as Example 1, except that the spacer dispersion 5 
liquid B, C, E, RA, and RB were used as the spacer 
dispersion liquid as described in Table 2 and evaluated in the 
same manner. 
The results were shown in Table 2. 
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of an ink -jet apparatus and depositing the droplet on the 
substrate surface, 
a hole diameter of the nozzle being 7R (um) or larger, 
the spacer dispersion liquid having surface tension of 

30 to 50 mN/m and a contact angle 6 on the substrate 

surface of 30 to 90° and, 
in the step of locating the spacer on the substrate, 

depositing the droplet of the spacer dispersion liquid 



TABLE 2 



Surface Contact angle Hole 
Spacer tension of of dispersion diameter of Spacer location intervals 



Spacer particle dispersion liquid on nozzle of relationship Droplet Spacer Display 

dispersion diameter liquid substrate ink-jet head vertical horizontal of the deposition location image 

liquid (urn) (mN/m) (°) (um) (urn) (um) formula (1) state precision quality 



Example 1 


A 


2.5 


31.7 


44 


40 


110 


150 


o 


o 


o 


o 


Example 2 


B 


4.5 


31.7 


44 


40 


110 


150 


o 


o 


o 


o 


Example 3 


C 


4.5 


37.8 


58 


40 


no 


150 


c 


o 


o 


o 


Example 4 


D 


4.5 


34.2 


50 


40 


110 


150 


o 


o 


o 


o 


Example 5 


E 


6.0 


31.7 


44 


50 


110 


150 


o 


o 


o 


o 


Example 6 


C 


.4.5 


37.8 


58 


40 


90 


150 


o 


o 


o 


o 


Example 7 


B 


4.5 


31.7 


44 


40 


150 


150 


o 


© 
© 


0 


o 


Example 8 


E 


6.0 


31.7 


44 


50 


150 


150 


o 


o 


o 


Comparative 


B 


4.5 


31.7 


44 


40 


90 


150 


X 


Droplets 


X 


X 


Example 1 


















are 
touched 
together. 






Comparative 


E 


6.0 


31.7 


44 


40 


110 


150 


o 


partially 


A 


A 


Example 2 


















shifted 






Comparative 


C 


4.5 


37.8 


58 


40 


50 


150 


X 


Droplets 


X 


X 


Example 3 


















are 
touched 
together. 






Comparative 


RA 


4.5 


21.7 


5 


40 


150 


150 


X 


Droplets 


X 


X 


Example 4 


















are 
touched 
together. 






Comparative 


RB 


4.5 


72.6 


77 


40 


90 


150 


o 


There are 






Example 5 


















positions 
where 

droplets 
are not 

deposited. 







In Examples 1 to 8, almost all of the spacers were located 
in non-display regions at high precision and the display 45 
image quality of the obtained liquid crystal displays was 
excellent. The display image quality of the liquid crystal 
displays obtained in Examples 7 and 8 were particularly 
excellent. On the other hand, the location precision of the 
spacers was low and the spacers were located even in display ^ 
regions and displayed image quality of the liquid crystal 
displays was inferior in Comparative Examples 1 to 5. 

INDUSTRIAL APPLICABILITY 

In accordance with the present invention, a method of 55 
fabricating a liquid crystal display by which the light leak- 
age and light omission due to spacers can be prevented and 
a liquid crystal display capable of displaying images with 
high quality at high resolution can be fabricated. 

60 

The invention claimed is: 

1. A method of fabricating a liquid crystal display, 
which has a step of locating a spacer on a substrate by 
ejecting a droplet of spacer dispersion liquid containing 
a spacer with a particle diameter R (um) from a nozzle 65 



on the substrate surface at the interval of deposition 
D (um) satisfying a relationship of the following 
formula (1): 



[R i 
2-3cos0+ cos 3 0J 



2. The method of fabricating a liquid crystal display 
according to claim 1, 

which locates a spacer on a lattice point of a lattice light 
shielding region of a substrate A bearing a color filter 
having a pixel region located following a certain pat- 
tern and the lattice light shielding region defining the 
pixel region, or on a position of a substrate B to be set 
on the opposite side of the substrate A with a spacer and 
a liquid crystal interposed, corresponding to the lattice 
point of the lattice light shielding region of the sub- 
strate A. 

***** 



THIS PAGE BLAMK owra) 



